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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!

. 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 appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

. 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.

. 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.

. All information contained in these materials, including product data, diagrams, charts, programs 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://www.renesas.com).

. 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.

. 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.

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

. 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.

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

contained therein.




Preface

This application note explains how to effectively create application programs that run on any of the following family of
microcomputers by using the C/C++ compiler package: H8SX, H8S/2600, H8S/2000, H8/300H, H8/300, and H8/300L..

Further details of the topics covered in this application note may be found in the following related manuals:
High-prformance Embedded Workshop 3 User’s Manual
H8S and H8/300 Series High-prformance Embedded Workshop Tutorial
H8S and H8/300 Series C/C++ Compiler, Assembler, Optimizing Linkage Editor User's Manual
H8S and H8/300 Series Simulator Debugger User’s Manual
Hardware and Programming Manuals of each product
This application note is organized as follows:
Section 1 provides an overview and describes installation methods and the programming development procedure.
Section 2 illustrates the debugging process using various samples.
Section 3 explains the expansion functions used for user program development.
Section 4 explains HEW options.
Section 5 explains how to use the optimization feature and the optimization function for the inter-module optimizer.
Section 6 illustrates efficient programming techniques.
Section 7 illustrates the utilizing method using HEW.
Section 8 illustrates efficient C++ programming technique.
Section 9 explains how to use the Optimizing Linkage Editor.
Section 10 provides answers to questions frequently asked by the users.
The appendixes cover the following topics:
A: List of floating-point operation capabilities
B: Added Features
C: List of Limitations

D: ASCII code table



This application note mainly covers HEW3.0 and H8 Compiler Version 6.0. If operations of HEW1.2 and H8 Compiler
Version 3.0 differ, the differences are explained separately.

Symbols and Conventions used in this application note is as follows.
[1: Indicates that the enclosed item can be omitted.
(RET): Indicatesthe Return (Enter) key isto 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 preceded by H' are in hexadecimal.
Ox: Integer constants preceded by Ox are in hexadecimal.
[Menu->Menu Option] : The boldfaced letter and the character -> indicate a menu option.

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

MS-DOS® is aregistered 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® WindowsX P® operating system are registered trademarks of
Microsoft Corporation in the United States and other countries.

IBM PC isaregistered trademark of International Business M achines Corporation.



Using the application note

Renesas recommends that the application note be read as follows:

Using H8S and H8/300 C/C++ >
compiler package for first time l Install / Section 1
Start up
Develop your program using an Execute a sample
HEW tool for first time HEW program
¢L Section 2
Debug your pr.ogra.m using an Debug /
HEW tool for first time HEW
Require to know details on
expansion function used for ——aeees Emm | Section 3
program development
Require to know the options
Specified on the HEW screen \
Change the platform from HIM Section 4
Implement an existing
microcomputer program
Use optimization .
funct P ——»| Section5
Improve execution speed or , unction
reduce program size iL
Modify programs .
¥ prog —»| Section 6
\ Use Optimizing ;
Linkage Editor e
Require to utilize HEW -
Section 7
Require to utilize C++ .
Section 8
Require to utilize MISRA C Rule .
— | Section 10
Checker
Questions .
—eees | Section 11
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Section 1 Overview

11 Summary

The H8S and H8/300 C/C++ Compiler enables effective creation in either C or C++ language of programs which takes
advantage of functions and performance of the Renesas Technology H8S and H8/300 series of single-chip microcomputers
for embedded applications.

This compiler supports the following CPUs:

H8SX Series (H8SX)
H8S/2600 Series (H8S/2600)
H8S/2000 Series (H8S/2000)
H8/300H Series (H8/300H)
H8/300 Series (H8/300)
H8/300L Series (H8/300L)
AES5 Series (AE5)

This document explains procedures for creating application programs using this C/C++ compiler.

This document mainly explains the Compiler Version 6.0 (HEW?2.0 or later) and also explains the previous Version 3.0
(HEW1.2) whereit is necessary.
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1.2 Features

The H8S and H8/300 C/C++ compiler offers the following significant features.

Windows® Version

The H8S and H8/300 C/C++ compiler of Windows® version supports the integrated environment

HEW (High-performance Embedded Workshop) to allow the user to develop the programs thoroughly on the Windows®
display.

The HEW provides the following features.

Project generator

Automatically generates template software projects for each CPU.

Combination interface with version management tools

Supports the interface with the version management tools provided by the third party.
Hierarchy project support

Can define multiple subprojectsin aproject and hierarchically manage them.
Network support

Provides development environment under WindowsNT® CSS.

UNIX Version

The H8S and H8/300 C/C++ compiler of UNIX version supports the integrated development manager (IDM) to alow the
user to develop the programs from editing to debugging.

The IDM provides the following features.

The editor can be started up when an error occurs during compilation or assembly.
(A cursor appears on the source code line where an error occurs.)

The program devel opment can be automatically executed from assemble/compilation, object module linkage, to
loading to the debugger.

Debugging at source level is supported using the graphical user interface.
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1.3 I nstallation M ethod

131 PC Version

This section describes the operating environment for the Windows®98, Windows®Me, WindoswsNT®4.0,
Windows®2000 or Windows®X P compatible H8S and H8/300 C/C++ Compiler package and the procedures for installing
it on a Windows®98, Windows®Me, WindowsNT®4.0, Windows®2000, or Windows®XP system.

(1) Operating environment

Host computer: IBM-PC compatible machine

(CPU: CPU capable of running Windows®98, Windows®Me, WindowsNT®4.0, Windows®2000, or Windows®XP)
OS: Windows®98, Windows®Me, WindowsNT®4.0, Windows®2000, or Windows®XP

Memory size: 128 MB or more recommended

Hard disk capacity for the integrated development environment: 100 MB or more free disk space required (for full
installation)

Acrobat® Reader: 10 Mbytes or more free disk space required
Display: SVGA or better

I/0 device: CD-ROM drive

Others: Mouse or other pointing devices

Perform the following procedures to install the compiler on your PC.
Before commencing the installation procedure, be sure to close all applications:

(@) Installing the H8S and H8/300 C/C++ compiler package:

(i) Insert the CD-ROM for the compiler package into the CD-ROM drive.
(Hereit is assumed that the CD-ROM driveisdrive D.)

(i) From the Windows® Start menu, click on [Run ...].

(iii)In the [Run...] dialog box, specify Setup.EXE that isin the root directory of the CD-ROM (example: D:\Setup.EXE),
and then click [OK].

(iv)Follow the onscreen installation instructions.
Notes on the installation of the Integrated Development Environment:

Install the Integrated Development Environment in a directory path consisting solely of half-width alphanumeric
characters and half-width underlines. Use a directory path that does not contain full-width characters or spaces.

(i) Becareful not to install HEW (High-performance Embedded Workshop) in the same directory as HIM (Hitachi
Integration Manager) .

(ii) Even when using it on a network, install High-performance Embedded Workshop on each PC drive. The tool chain, the
librarian interface, the Hitachi debugging interface, and the online manual can be installed on a network drive. For
details on procedure to define the tool chain or library interface installed on another PC on your PC, refer to section 5,
Tools Administration, in the High-performance Embedded Workshop V.4.00 User's Manual.

(iin)If [High-performance Embedded Workshop] fails to appear in the [Programs] on the Windows® Start Menu after
HEW has been installed, restart Windows®.
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(iv)If the installer terminates abnormally during installation under Windows®98, restart the computer and reinstall.
(b) Installing the Acrobat® Reader:

(i) Insert the CD-ROM for the compiler package into the CD-ROM drive. (Hereit is assumed that the CD-ROM driveis
driveD.)

(i) From the Windows® Start menu, click on [Run ...].

(iii)Specify in the [Run ...] dialog box either Ar505jpn.exe (Japanese) in the [PDF_READ\Japanese] directory on the CD-
ROM or Ar505eng.exe (English) in the [PDF_read\English] directory (example:
D:\PDF_Read\Japanese\Ar505jpn.exe), and then click [OK].

(iv)Follow the onscreen installation instructions.
(c) Referencing the Online Manual and other documents

¢ |f the Online Manual isinstalled:

Click either the Online Manual [H8S,H8/300]-English(xx xx) (English) PDF file or the Online Manual [H8S,H8/300]-
Japanese(xx xx) (Japanese) PDF file on the [High-performance Embedded Workshop] menu in the [Programs] on the
Windows® Start menu, where (xx xx) denotes the year and the month.

(Example: Online Manual [H8S,H8/300]-Japanese(01 10))
+ If the Online Manual is not installed:

(i) Insert the CD-ROM for the compiler package into the CD-ROM drive. (Hereit is assumed that the CD-ROM driveis
driveD.)

(i) From the Windows® Start menu, click on [Run ...].
(iii)Specify in the [Run ...] dialog box either jH8 xxxx.PDF (Japanese) or eH8 xxxx.PDF (English) (where xxxx denotes

the year and the month) in the [Manuals] directory on the CD-ROM (example:D:\Manuals\jH8 0110.PDF), and then
click [OK].

132 UNIX Version

The procedure for installing the H8S and H8/300 C/C++ compiler on a UNIX system is described below.

Caution: Do not use spaces in the name for the installation directory.

(1) Recording medium

The compiler is distributed on a single CD-ROM.

(2) Installation Method

Please use the following procedure to install the compiler. Wherever (RET) appearsin the instructions, the Enter (Return)
key isto be pressed.

(@) Installing the compiler package
The procedure for compiler package installation is as follows.

(i) Creating a path for the compiler package
Create a path for storage of the compiler files, using any arbitrary name.
(Hereinafter, installation directory is assumed to be /usr/cross_soft.)
% mkdirA/usr/cross_soft (RET)
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(ii) Mounting the CD-ROM
Mount the CD-ROM as indicated below. If mounting is performed automatically, the following command is not
required.
[For Solaris]
% mountA— A-FAhsfsA/dev/dsk/c0t6d0s2/h8s_spar cA/cdrom/h8s_sparc (RET)
[For HP-UX]
% mountA/dev/dsk/c201d2s0A/cdrom (RET)
(iii)Copying the compiler package
Move to the newly created path, and then decompress the files for the SuperH RISC engine C/C++ compiler package
from the CD-ROM to the path created in (i) above.
[For Solarig]

% cdA/usr/cross_soft (RET)
% tar AxvfA/cdrom/h8s_sparc/Program.tar (RET)

[For HP-UX]

% cdA/usr/cross_soft (RET)
% tar AxvfA/cdrom/" PROGRAM.TAR;1" (RET)

(iv)Changing environment settings
Environment variables and pathnames are set as follows. (Double asterisks ** indicate an appropriate value should be
specified.) For detailed on environment variables, refer to the H8S and H8/300 C/C++ Compiler User's Manual.
The following shows an example to set environment variables and pathnames for C shell.
% setenvACH38A/usr/cross_soft (RET)
Set the storage area for the system include file.
% setenvACH38TMPA/usr/tmp (RET)

Specify the directory for storing the intermediate files created by the compiler or by inter-module optimization. (Here
it is assumed to be /usr/tmp.)

If no directory is specified, a current directory is used as default.
% setenvAH38CPUA****:** (RET)

Select the CPU operating mode as among 2000n, 20003, 2600n, 2600a, 300hn, 300ha, 300, and 3001. If CPU is
selected as 2000a, 2600a, or 300ha, the size of address space can aso be specified.
(Example: % setenv H38CPU 2600a:24(RET))

% setenvAHLNK_TMPA/usr/tmp (RET)

Specify the directory for storing the intermediate files created by the linkage editor or by inter-module optimization.
(Hereit is assumed to be /usr/tmp)

If no directory is specified, a current directory is used as default.
% setenvAHLNK_LIBRARY 1A/usr/cross_soft/****** |ib (RET)
% setenvVAHLNK _LIBRARY 2A/usr/cross_soft/****** |ib (RET)
At linkage, alibrary can be input implicitly without using the LIBRARY option or subcommand option.
For details, refer to the H8S,H8S/300 Series C/C++ Compiler, Assembler, Optimizing Linkage Editor User's Manual.
(v) Unmount the CD-ROM.
[For Solarig]
% umountA/cdrom/h8s_sparc (RET)
[For HP-UX]
% umountA/cdrom (RET)
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(b) Installing the integrated development manager and theintegrated development manager definition files

(i) Load theinstaller from the tarfile on the CD-ROM. (This assumes that the CD-ROM driver device nameis/cdrom.)
% tar AxvfA/cdrom/idm.tarAidm_install (RET) [For Solaris]
(ii) Start the installer.
% idm_install (RET)
Follow the onscreen installation instructions. For details, refer to the H8S and H8/300 definition file installer.

(c) Ingtalling the Acrobat® Reader:

The manual can be viewed from within Windows®. The software used to view the manual (the Acrobat® Reader) should
be installed on a computer running Windows®98, Windows®Me, Windows NT®4.0, Windows®2000, or Windows®XP.

Acrobat® Reader copyright © 2002 Adobe Systems Incorporated. All rights reserved.
Adobe and Acrobat are trademarks of Adobe Systems and are registered in specific jurisdictions.

The following procedure is used to execute installation. Any running applications should be terminated before proceeding
with installation.

(i) Insert the CD-ROM for the Integrated Development Environment into the CD-ROM drive. (Hereit is assumed that the
CD-ROM driveisdriveD.)

(i) From the Windows® Start menu, click on [Run ...].

(iii)Specify in the [Run ...] dialog box either Ar40jpn.exe (Japanese) in the [PDF_READ\Japanese] directory on the CD-
ROM or Ar40eng.exe(English) in the [PDF_read\English] directory (example: D:\PDF_Read\Japanese\Ar40jpn.exe),
and then click [OK].

(iv)Follow the onscreen installation instructions.
(d) Referencing the Online Manual and other documents

e If the Online Manual isinstalled:
Click either the Online Manual [H8S,H8/300]-English(xx xx) (English) PDF file or the Online Manual [H8S,H8/300]-
Japanese(xx xx) (Japanese) PDF file on the [High-performance Embedded Workshop] menu in the [Programs] on the
Windows® Start menu, where (xx xx) denotes the year and the month. (Example: Online Manual [H8S,H8/300]-
Japanese(01 10))

* If the Online Manual is not installed:

(i) Insert the CD-ROM for the Integrated Development Environment into the CD-ROM drive. (Hereit is assumed that the
CD-ROM driveisdrive D.)

(i) From the Windows® Start menu, click on [Run ...].

(iii)Specify in the [Run ...] dialog box either jH8 xxxx.PDF (Japanese) or eH8 xxxx.PDF (English) (where xxxx denotes
the year and the month) in the [Manuals] directory on the CD-ROM (example:D:\Manuals\jH8 0110.PDF), and then
click [OK].
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14 Startup Method

141 Stating the HEW

Upon completion of H8S and H8/300 C/C++ compiler package installation, the installer for the High-performance
Embedded Workshop (HEW) creates a folder named "High-performance Embedded Workshop™ within the Programs
folder in the Windows® Start menu, and within this folder the program "High-performance Embedded Workshop" can be

started up.

Frograms

L3
Favorites 4
Diocuments L4
Settings 4
Find 4
Help
Fu

...

Shut Down...

M E (G REC HEY

Call wWalker

|'_§9 HB85.H8 300 Simulator Debugger Help
|‘_§Q High-perfarmance Embedded Warkshop
@ High-performance Embedded wWorkshop

FE'B High-performance Embedded
HIM To HEY Project Converter

@ Mapwiew

3 E Online Manuals [H85 HE 300] -English(03 04]
3 'E Online Manuals [SuperH] -English(03 04)
@ SuperH RISC engine Simulator Debugger Help

2Help
2 Read Me

The following Welcome! dialog box appears:

Walzome!

% {¥ Create a new project workspace!

" Cpen a recent project workspace:

[d#herdema¥HD¥HD hws =]

= {~ Browse to another project workspace

Cancel I
Administration.. |

Select the desired project workspace from the above screen:

Create a new project workspace

Create a new project workspace

Open arecent project workspace

Open an existing workspace that has been

used recently.

Browse to another project workspace

Open another workspace.

By selecting [Administration], you can register or delete the system tool to be used.

RENESAS
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142 Starting the Compiler Using a Command

In this subsection, the method for executing the H8S and H8/300 C/C++ Compiler is explained, along with examples. For
details on compiler options, refer to section 2, C/C++ Compiler Operating Method, in the H8S and H8/300 Series C/C++
Compiler, Assembler, Optimizing Linkage Editor User's Manual.

Below the basic procedures for using the compiler are explained.
(1) Starting up the compiler

This command displays alist of command input formats and compiler options on the standard output screen.
ch38 (RET)

(2) Compiling a program

The C source program test1.c is compiled.

ch38Atestl.c (RET)

The C++ source program test2.cpp is compiled.
ch38Atest2.cpp(RET)

Multiple C/C++ programs can be compiled at once.
ch38Atest1.cAtest2.cpp(RET)

(3) Specifying options

Options (goptimize, debug, show=object, allocation, etc.) are prefixed with a hyphen (-), and multiple options are
separated by spaces ((4).

When specifying multiple suboptions, they should be separated by commas ().
ch38A-goptimizeA-debugA-show=0obj ect,allocationAtest1.c (RET)

The following short-format can also be used for option specification.
ch38A-gA-debA-sh=0,aAtest1.c (RET)

When compiling multiple programs, whether the option is effective on the program differs according to the position where
the option is specified.

<Example 1: The specified option is specified for al source programs>
The option specified prior to the first source program is effective for al source program.

ch38A-gA-debA-sh=0,aAtest1.cAtest2.cpp (RET)

<Example 2: The option is specified separately for each program>
The option specified following the source program test2.cpp is effective only for test2.cpp.

ch38Atest1.cAtest2.cppA-debA-sh=0,a (RET)

Note: (1) The compiler distinguishes C and C++ files depending on file extensions, and —ang and lang options. For
details on file extensions, refer to section 8, File Specifications, in the H8S,H8/300 Series C/C++ Compiler,
Assembler, Optimizing Linkage Editor User’s Manual
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Procedure for Program Development

Figure 1.5 shows the procedure used to develop a C/C++ language program.

Standard
include file

User Assembly standard library generator
assembly source
program program /i\
Prelinker
4 \_//
H8S,H8/300 Series L p| Relocatable ! Standard
assembler object file ! library
i ——
' R
I )
Optimizi ) .
SYSROF ELF - ”nk‘;'rg'zg‘i?m User library
object/library object/library g
~
; ELF: DWARr't: Load Profile Stack
i CemEnE]T module information information

User
Include file

User C/C++
Source file

H8S,H8/300 series
C/C++ compiler

[ ]

Software included in
the package

Additional
Information file

H8S,H8/300 series

SYSROF
load module

ERF/DWARF1
load module

Debugger

Stack analysis tool

Notes: —»: Input/output
~~~~~~~~~~~~~ P Initiation

1. Assembly source programs are output depending on option

specification.

2. Debugging information can also be added depending on option

specification.

Called
information
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Section 2 Procedure for Creating and Debugging a Program

21 Creating a project

Procedures for the creation of aload module vary with the particular working environment in which it is created and HEW
Version. Select your environment from the following list to appropriately create aload module.

Create a new project using HEW1 (HEW1.2). —| Section 2.1.1
Create a new project using HEW2 (HEW2.0). —| Section 2.1.2
Use a command line by bypassing HEW. —| Section 2.1.3
Convert a HIM project to a HEW project. —| Section 7.1.8
Create a project in HEW using existing files. — Section 4.3

The description in section 2.3, Debugging Using the HDI, assumes that a new project created under HEW is used.

211 Creating a New Workspace 1 (HEW1.2)

To create a new project workspace, select Create a new project workspace from the Welcome! dialog box.

—Dptions:
0K |
? {+ Treate a new project workspace!
@P Cancel |
" Qpen a recent project workspace: Administration.. |
é Ic:¥test¥test.hws :j
= :
g i~ Browse to another project workspace
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(1) Settingthe Project type

When the following screen appears, enter the desired project name in the Name field:

Mew Project Workspace

Mame:

Isa mple]

Cancel |
Diractary:
Ic:¥sa mple Browse.. |

CPU family:
| Ha=.Ha/300 =]

Tool chain:

| Hitachi H8S,H8/300 Standard =

@ A=
Demonstration
@ Empty &Application

G Library

sembly Application

Then, select the Project type: column.

Project type Description

Application A project type when creating an application that includes C/C++ program files

Assembly Application A project type when creating an application that includes assembly language programs only

Demonstration Sample project type
Empty Application Empty project creation
Library Library creation project type

By clicking the [OK] button after selecting the desired project type, you can move on to the step for initializing the new
project.

The explanation below assumes that you have selected Application as a project type.
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(2) New project - Step 1

Specify the CPU to be used and press[NEXT>|.

Which CPU do wou want to use for
this praject?

CPU Series:

Specify the CPU series
to be used.

CPU Type:

The corresponding CPU
names are displayed.
Select the name of the
CPU to be used.

If the desired CPU name
is not available, select
“Other”.

2653
DERR |-

< Back 1 Mt i Finish i Cancel i

(3) New project - Step 2

Specify the desired global options and pressNEXT>,

Select either Normal or
Advanced as the
operating mode.

Specity global options.

Cperating Mode: - When selecting the
Advanced mode, specify
Address Space: 16M byrte the size of the address

space to be used.
Merit of Library: Code Size 1
Select either the code-
optimized library or
speed-optimized library.

Change number of parameter
registers from 2 (default) to 3

Specify the number of
parameter-passing
I’egisters, Required < Funtime Library:

chi=2fia lib The standard C library

ec226a.lib name and EC++ class

library name associated
with the specfied
program execution

<Back [ Mext> | Finish | canea| Method is displayed.
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The same set of global options should be used for all project files.
The following categories of global options are available:

e CPU Type
e Number of argument-passing registers

To change the global options specified in this dialog box after the new project has been initialized, the specification of the
standard library to be linked should be modified.

For details on how to change the global options and standard library, refer to section 11.2.1, Output of "Undefined
External Symbol".

(4) New project - Step 3

On this screen, specify the contents of an initialization program and pressNEXT>|.

Mev Projes LBl Check this option when

using the file I/O library. Specify the maximum

. o . number of files to be
kind of initialization routine

v would you like to craate®? opened concurrently.

Check this option when Y~ Use /O Library |
Miymber of [F0 Stre s mes:

using the memory
|3 = J Specify the size of the
—1

)

management library . **
v Use Runtime Library memory to be used as a

3
Heap Size: IH'4EIEI = heap area.*

[~ Gererate mainl Function

W 170 Register Definition Files J Specify whether a

8 Specify whether the main
function to be called by
the initialization function is
to be generated. If the
main function is already
created, remove the check

hardware setup function
is to be generated.

If one is to be generated,
specify whether it is an
assembly-language or C-
language function.

|
< Back |U/ t I Firish Cancel |

Specify whether a definition file is
to be used to access the internal
peripheral function for I/O ports. If
not, remove the check mark.

Gienerate Hardware Setup
Function

;None

Notes: 1. Available memory library functions are malloc, realloc, calloc, and new.

2. On this dialog box, a main function should not be created. In Step (9), a sample program that contains the main
function is added as a preparation for section 2.3, Debugging Using an HDI.

3. The required size for a heap area can be calculated as follows:

(Heap areasize) =
(Areasize alocated by memory management library) + (Management area size)
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The management area sizes are as follows:

CPU Type Management Area Size
H8S/2600 ADV,H8S/2000 ADV, H8/300H ADV 16 bytes
H8S/2600 NRM,H8S/2000 NRM,H8/300H NRM,H8/300 8 bytes

ADV: advanced mode; NRM: normal mode

To modify the heap area size specified in this section after the new project has been initialized, refer to section 2.2.1 (2),
Allocating a heap area.

(5) New project - Step 4

Set the stack to be used and pressNEXT>|.

New Project —Step 4 I

ecify the initial
What are the stack settings? ’ \?gme f%r the stack

pointer (SP).

—— |

Stack Pointer SAddress:
[power—on reset)

HFFEFED

Stack Size:
[F200 B

Specify the stack area
size.

I\

{ Back | Mt > I Finish Cancel

The size of the stack to be used can be determined as follows:

Calculate the size of the stack area for the deepest nest of callsin the call relationships among the functions. The
maximum value obtained in this manner is the stack area size.

For example, if the deepest function call nest is the following, sum all the stack sizes:

main function (stack size: 10 bytes) - func function (20 bytes) - sub function (30 bytes)

The stack sizein this case will be 60 bytes.

The stack sizes for functions are output when symbol allocation information output is specified as part of a specification
for object list file output.
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For aruntime routine, refer to the "List of Stack Sizes Used by the Standard Library" in the manual supplied with the H8S
and H8/300 Series C/C++ Compiler.

When modifying the stack size specified in this section after the new project has been initialized, refer to section 2.2.1 (8),
Setting the stack size.

(6) New project - Step 5

Specify the settings for avector table and press NEXT>|.

What supporting files would you like ]
to create? Specifywhether a
vector table
¥ #fectar Table Definition Filas; definition file is to be
Wector Handlers: output.
Handler I Wector
_PowerQOM_Reset 0 Power On Rese
_Marual_Reszet 1 Marual Res Displays the handler
names that are
ﬂ—l _'| output to the vector
table.

< Back I Plast > I Firish Cancel
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Section 2 Procedure for Creating and Debugging a Program

(7) New project - Step 6

Displaysthe files created by the project generator. Press|FINISH| to go to step 7.

The following source files will be

generated:
File Ma.. | Ext.. | Description
db=ct o Setting of B.R Se
shrk o Program of shrk
iodefine h Definition of 10
intpre ro Imterrupt Program
wecttb| sFo Initialize of Wectc
wect inc Definition of YWeco:
resetprg = Reset Program
shbrk, h Header file of she
stackzct  h Setting of Stack .
Jd i
[tleset, > | Finish | Cancel

For details on the files created in this section, refer to section 2.2, Introduction of Sample Program.

RENESAS
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Section 2 Procedure for Creating and Debugging a Program

(8) New project - Step7

Specifying “Finish” causes the display of the following screen:

Project Summary:

———————— PROJECT GEWMERATOR ——————— -
PROJECT MAKE : zample —
PROJECT DIRECTORY : c¥zample¥sample

ZPU ZERIES : 2600

ZPU TYPE : 2621

TOOLSHAIN MAME : Hitachi H3%,H8/300 Standard Toolck
TOOLZHAIN WERSICOMN : 3.04.0

GEMERATION FILES :

c¥zample¥sample¥dbsct.c
Zetting of B.R Section
c¥zample¥sample¥shrk.c
Program of shrk
c¥zample¥sample¥iodetfineh
Definition of 170 Register
c¥zample¥sample¥intpre.src
Imterrupt Program
c¥zample¥sample¥vectiblsrc
Imitialize of YWector Table
4|

Click OK to gernerate the project or Cancel to abart.

|l

¥ Gererate Readmetxt as a summary file in the praject directory

Cancel ;
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Section 2 Procedure for Creating and Debugging a Program

(9) Adding amain file
Add the cmain.c file for main processing to the project that has been completed.

In[Project > Add Files...], specify the HEW directory \ToolsS\HITACHI\H8\3_0a_O\sample \cmain.c.

E:ﬁ'ﬁ}sample — Hitachi Emhedded Workshop

i Eile Edit Project Optiohs Build Toals wWindow Help
£ ¢4 g4 X [Debug =& R | “@--:@- ] S
D@ s | TF@|

=l

=3 Project Files

..... Bi

----- % dbsct.c

----- % intpra.sre
----- % resetprg.c

..... E] shbrk.c

----- % wactthlsro
=3 Dependencies
..... E] sbrkhk

..... % stackscth
..... % wvect ins

N @ Projects l E | Mavigation I

El Scanning Dependencies..
_r| Scanning Dependencies Finished

[ 4] %1, Build £ Findin Files }, Version Cortral

For Help, press F1 |———— e IN= o
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Section 2 Procedure for Creating and Debugging a Program

(10) Setting options

Select H8S, H8/300 C/C++ Compiler... from the option menu.

H&5HE8/300 CG/C++ Compiler.
HEZHE 300 Assembler.
HESHE-300 IM OptLinker..

H Series Stype Converter.

Build Phases..

Build Configurations...

Specify the compiler options for cmain.c.

On this dialog box, specify the output of an inter-module optimizer add-on information file by checking the item indicated
below:

E"Eﬂ CACH source file Source I Ohject I List Optimize | Oifer I
El{:_ﬂ 2 source file
dbscte

H __ shrkc Speed or size : ;Size Drie}éﬁ optimization _V_!

resetpre.c = =peed sub-options

B
i " m [ Begister

[ Shift ta

¥ Cptimization

[ Switch judeement

- [ ] Default Optic
- G++ source file

[T Struct assignment

[T LoopAptimization I Espression

M zcimuim nedes et imline fumetien ; |1|35 3:

?ﬁenerate file for imter-module optimization:

Switch statement : Function call : Data access .

I.-'l‘«utu:- ll I@aa ll I@aa _IJ
0] 4 I Cancel |
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Section 2 Procedure for Creating and Debugging a Program

In the next step, select [Options - H8S,H8/300 IM Optlinker...] to specify options for the inter-modul e optimizer.
First, in the Optimize tab, specify All to enable all inter-module optimization features.

On this tab, specify the output of an optimization information list |here.

Also specify herd the output of symbol optimization information antl the number of symbol referencesto this list.

[w]lze short {Mane
WReallazate registers
[WEliminate same code

Forbid item :
IEIiminatiDn of dead code ;I

Ok | Cancel |

[T Use external subcammand filz

In the next step, specify in the section tab the way files are to be assigned at linkage.

Here, change the address of section to which section B is assigned to H'0O0FFOO. First click the Address field, and press the
Modify button to specify the address.

Soction address !

Address : |HOOFFOO0O0 ==

(Hexadecimall

| o] I Cancel I
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Section 2 Procedure for Creating and Debugging a Program

The address is modified as shown below.

HES.H8 300 OptLinker options{Debug)

Input I Outputl Optimize Section |"u"erif',,-' I Other I

Relocatable section start address :

Address Section _{J Add.. |

FABSTED
CEDEEC Modify... |
CEB=EC

m EAEISEEI Mewy Owarlay I

i.&EISHSEI E— I
fAESER
TAESIER "ﬁ“‘l ‘lrl

HOJFFEDED | %

=| s oy

Generate external symbal file :

Add..

Hemoue |

[T Use external subzammand file Ok | Cancel |

In the next step, in the Verify tab, create CPU information to check the CPU assignment.

/300 OptLinker options(Cebug)
Impuat I Outputl Optimizel Section Werify |Clther I

CPU information check :

| Check =]

CPU infor mation :

[da. | Device | Start | End

< | ]
R mtormation file path

| Modifi. |

[ Stop linkage on GPU information warning

[T Use external subcammand filz Ok | Cancel |
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Section 2 Procedure for Creating and Debugging a Program

Selecting the Check in the CPU information check field allows the user to check the CPU information.

Pressing the [Add...] button brings up a dialog box, on which the ROM and RAM areas can be specified as shown below.

CPU information add

CPU information add

Device : iRDM j Device :

Addrass : | Addrass : |
Start : |HO0000000 = Start : |H'OOFFO000 —
End : |HOOFEFFFF = End : |HOOFFFFFF = |

Ok I Cancel | Ok I Cancel |

(11) Executing the building process
Execute the building process to generate aload module.

A build can be executed by pressing |herd on the command button.

Eﬁasample = Hitachi Embedded Workshop — [C¥Hew¥Tools¥Hitachi¥HE¥3 0a_0¥sampleX¥cmain.c]
JJ{:} File Eg#” Project Options Euild Tools Window Help _|5’|£||
|| e e £ [oenus HEREE e s e @
I=0=2 = R= =AY s
=l
E@ zampla finclude trinc.h a
= sample £7 kel poyple-click on the source file name to Tled
=3 Praject Files #defing jnitiate the editor.
R - % Cmain.c — [ =1t
..... 5] dbscte f*#dem fa:
----- % intpre.c
----- % resetprg.c
..... ] stek.e /% Compiler dependent options */
- 5] vesttblo #undef  NOENUM
Ea Dependencizs fundef NOSTRUCTLSE IGH
----- E] sbrk.h
..... % stackscth f* define only one of the next two defines #/F
-
----- 2 wacth ‘I I _'I—I
l@ijeci:; I “=_1 Navigafion | cmain.c |
x|
#]|Build Finizhed il
0 Errors, 0 Warnings
g
A F T Bui\  “<gdin Files } Version Control f
For Help, press F\ 1 [1/481 NS T
\

A\

Build Results are displayed in the output
window.

Rev.3.00 2005.09.12 2-13
REJ05B0464-0300
RENESAS



Section 2 Procedure for Creating and Debugging a Program

(12) Verifying the generated files
The following files are generated upon completion of the building process:

A directory with the same name as the project nameis created under the project directory. The absolute load moduleis
generated under the name format sample.abs in the debug directory in the new directory.

A map file and an optimization information list file generated during the building process are stored in the same directory,
and these files can be opened and checked by clicking on [File - Open].

Open hle [ 7] |
Laak ir: I {3 Debug j ﬁl
[:In::hEEln:-p Debug.dep | zample.abz wectthl abj
|1 dwirf intprg.h8c @ zample.h8l
cmain. hBc intprg.obj a gample_mot. cpu

crnain. obj rezetprg.hic a shrk. h8c
dbzct hEc rezetprg.obj @ zhrk.obj
dbsct.obj zample @ wecttbl hBc

1| | i

File name: I Open I
Filez aof type: I.-i‘-.ll Files [*.7] j Cancel |

The map fileis generated under the name sample.map; the optimization information list file is generated under the name
sample.lop.

2.1.2 Creating a New Workspace 2 (HEW2.0)

To create a new project workspace, select Create a new project workspace from the Welcome! dialog box.

— Dptions:

. Lo |

{% Create a new project workspace!

Cancel I
% (" Open a recent project warkspace: Administration... |

Ic:¥test¥test.hws :j

>

E’ (" Browse to another praject workspace
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Section 2 Procedure for Creating and Debugging a Program

(1) Settingthe Project type

When the following screen appears, enter the desired project name in the Name field:

Mew Project Workspace ﬂ il

Projects |

Workzpace Mame:

B2 Azzembly Application |sample|
Demonstration Prajeer Hame:
Empty fApplication

zample

e Import Maketils I P
Directory:
IO:¥HEW3_eng¥sampIe Browsze.. I
CPU famile:
| HE:5, /300 =l
Tool chain:
| Hitachi HB5,HA/300 Standard =l

Properties... |
/ ok | wet |

|

|

Then, select the Project type: column.

Project type Description

Application A project type when creating an application that includes C/C++ program files

Assembly Application A project type when creating an application that includes assembly language programs only

Demonstration Sample project type
Empty Application Empty project creation
Library Library creation project type

In this dialog box, set a workspace name (when creating a new workspace project, the project name is the same by
default), CPU type and a project type.

If you enter “sample” in the [Workspace Name] field as the workspace name, the [Project Name] will be “sample” and the
[Directory] will also be “c:\hew?2\ sample.” To change the project name, directly type aname in the [Project Name] field.
To change the directory to be used as the workspace, select the Directory by clicking [Browse...] or directly enter a
directory path in the [Directory] field.

By clicking the [OK] button after selecting the desired project type, you can move on to the step for initializing the new
project.

The explanation below assumes that you have selected Application as a project type.
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Section 2 Procedure for Creating and Debugging a Program

(2) New project —1/9

Specify the CPU to be used and press[NEXT>|.

Clicking on the [OK] button in New Project Worksapce dialogue box starts up the project generator. First, select the CPU
to be used. The type of CPU to be used (JCPU Type]) is classified for each CPU series ([CPU Series]). Select the CPU
type for the program to be devel oped because the files to be generated differ depending on the selection of [CPU Series!]
and [CPU Type]. If the desired CPU typeis not available, select the CPU type with similar hardware specification or

“other”.

Click NEXT>| to display the following screen.

Click to display the previous screen or the previous dialog box after this screen.

Click to open the Summary dialog box.

Click to retrieve New Workspace dialog box.

The functions of [<Back|, NEXT>], [Finish|, and [Cancel| are common on this wizard dialogue box.

21x]
Tonlchain version : Specify the CPU series
6.0.00 to be used
Which GPU do wou want to ugze
project? %
CPU Series:
lS}{. . -
2000
a00H The corresponding CPU
300

names are displayed.
Select the name of the CPU
to be used.

CPU Type:

If the desired CPU name is
not available select “Other”.

If there iz no GPU type to be selected, select
the “GPU Type” that a similar to hardware
specification or zelect “Other”,

I et > I Finish Cancel
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Section 2 Procedure for Creating and Debugging a Program

(3) New project —2/9
Specify the desired global options and press NEXT>|.

On this screen, set the options common to all the project files. Items for setting options may be changed according to the
CPU seriesthat has been selected on the Step 1 screen. If you change the options after the project has been created, you
can do it on [CPU Tab] of [Options->H8S,H8/300 Standard Toolchain] in HEW.

MHem F'r'I:I_iEiI::t_::_"_-"l.!_:l._l:lptil:lrl Setting 21 VII_

Select either Normal or
Advanced as the
operating mode.

Specify global optionz.

When selecting the Advanced

Operating Mode:
mode, specify the size of the P — |
address space to be used. fiddress Space: |15M byte Select either the code —
M lEiple /Dy ides | optimized library or speed-

. optimized library.
Merit of Library: IGDde Size £ [
Stack calculation: IMedium vl

specify SBR address:
IDefauIt ;l IH'U
[JChange number of parameter registersﬂ

[ Treat double az float
[Pass struct parameter via register

Drass 4-brwte parameter,-l"return walue vwi T
4 3

<Back || Mext> |  Finsh | Cancel |
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Section 2 Procedure for Creating and Debugging a Program

(4) New project —3/9

On this screen, specify the contents of an initialization program and pressNEXT>|.

LTS Check this option when using

) ; Specify the maximum
the file 1/O library.

number of files to be
opened concurrently.

at kind of initialization routing
buld wou like to create?

Check this option when
using the memory
management library . **

Fllurmtaet off 400 Streate:
IS
¥ Use Heap Memary

Heap Size: IH'42EI

— Generate main® Function

=1/ specify the size of the
memory to be used as a

heap area.*’

Specify whether the main
function to be called by the

initialization function is to be

generated. If the main function |C gource file ;I

fhztﬁ‘iﬁ; rﬁreated' remove the ¥ 10 Register Definition Filss
Generate Hardware Setup Specify whether a hardware
Function

setup function is to be
MNone = ____ generated.

If one is to be generated,
specify whether it is an

assembly-language or C-
< Back bt > | Finish | | language function.
|

Specify whether a definition file is to
be used to access the internal
peripheral function for 1/0 ports.

If not, remove the check mark.

Notes: 1. Available memory library functions are malloc, realloc, calloc, and new.
2. The required size for a heap area can be calculated as follows:

(Heap area size) =
(Area size allocated by memory management library) + (Management area size)

The management area sizes are as follows:

CPU Type Management Area Size
H8S/2600 ADV,H8S/2000 ADV, H8/300H ADV 16 bytes
H8S/2600 NRM,H8S/2000 NRM,H8/300H NRM,H8/300 8 bytes

ADV: advanced mode; NRM: normal mode

To modify the heap area size specified in this section after the new project has been initialized, refer to section 2.2.1 (2),
Allocating a heap area.
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Section 2 Procedure for Creating and Debugging a Program

(5) New project —4/9

On this screen, determine a standard library organization to be used by the C/C++ compiler. If you change the standard
library organization after the project has been created, you can do it on [Standard Library Tab] of [Options->H8S,H8/300
Standard Toolchain...] in HEW.

— Library :

Wkuntime : runtime routines e

I—

Wwinew : Performs memory allocation and
etvpeh : Handles and checks characte
[Imath.h : Performs numerical calculatio
[ Imathfh : Performs numerical calculatic
[ |stdare.h : Supports access to variable
Wstdioh : Performs inputSoutput handlin
wl=ztdlibh : Performs G proeram standarc
[l=tringh : Performs string comparizan, o
[ Jing{(EC++) : Performs inputfoutput proc—
[ Jcomplex{EC++) : Performs complex nu
L N

Erable all | Disableall |

<Back |[ Mext> |  Finish |  Gancel |
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Section 2 Procedure for Creating and Debugging a Program

(6) New project —5/9
Set the stack to be used and pressNEXT>].
On this screen, set the stack area. Initialized values to be set as stack area vary with [CPU Type:] on the Step 1 screen.

If you change the stack size after the project has been created, you can do it on [Project->Edit ProjectConfiguration] in
HEW.

2%

What are the stack =ettines?

Specify the initial value
for The stack pointer(SP).

Stack Pointer Address:
(power-on reset)

HFFEFCO

Stack Size:
IH'QDEI

Specify the stack area
size.

<Back || Mext> |  Finish Cancel

The size of the stack to be used can be determined as follows:

Calculate the size of the stack areafor the deepest nest of callsin the call relationships among the functions. The
maximum value obtained in this manner is the stack area size.

For example, if the deepest function call nest is the following, sum all the stack sizes:

main function (stack size: 10 bytes) — func function (20 bytes) — sub function (30 bytes)

The stack sizein this case will be 60 bytes.

The stack sizes for functions are output when symbol allocation information output is specified as part of a specification
for object list file output.

The maximum space of stack area to be used by C/C++ programs and standard library can be calculated by stack analysis
tools when stack information file is output by specifying the stack option of Optimizing Linkage Editor. For details on
how to use stack analysis toals, refer to section 6, Operating Stack Analysis Tool, in the H8S, H8/300 Series C/C++
Compiler, Assembler, Optimizing Linkage Editor User's Manual.
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(7) New project —6/9

Specify the settings for avector table and press|NEXT>].

To modify Handler Program, select the Handler Program name, click on it, and then enter. Note that the reset program
(reserprg.c) is not generated once the Handler Program is modified.

What supporting files would vou like

t te'r - .
o ErestE Specify the initial value for
v Mector Definition Files: The stack pointer(SP).

Wector Handlers:

21

Handler | Wector

Manual_Reszet

K

PowerOM_Feset 0 Power On Rese
1 Marwal Reset

Displays the handler
names that are output to
the vector table

< Back

[ Met> ] Finish

Cancel

RENESAS
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(8) New project —7/9

Specify the debugger target and press NEXT>].

Select (Check) the debugger target to be used from [Target:]. You can select either no debugger target or multiple
debugger targets.

m tor Debugeing ﬂﬂ

— Targets

[1H2./300 Simulator
[JH2/300HA Simulatar
[C1HB/300HM Simulator
[JH2/300L Simulatar
[CIHB5/20004 Simulator
[(JHAS/2000M Simulatar
[(JHAS/26004 Simulator
[(Ha5/2600M Simulatar
[HE5R Advanced Simulator
[ JHESX Maximum Simulator
[(JHES¥ Mormal Simulator

<Back |[ Mext> |  Finish Cancel
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Section 2 Procedure for Creating and Debugging a Program

(9) New project —8/9
Set the options for the selected debugger target and pressNEXT>].

By default, the HEW creates two configurations, “ Release” and “Debug”. When atarget for debugging is selected, the
HEW creates another configuration. (The name of the target isincluded.) The name of the configuration can be modified
in [Configuration name:]. Options to do with the target for debugging are displayed under [Detail options:]. To change the
settings, select [Item] and then click [Modify]. When items for which modification is not possible are selected, [Modify]
remains grayed evenif [Item] is selected.

2%

Target name :
IHBS:’EEDDH Simulatar

Configuration name :
|SimDebug_H88—26ElDP.

— Detail options

Item | Setting
Simulatar L0 dizable
Simulator 10 addr. | 0x0
Buz mode 0

Tadify |

<Back || Mext> |  Finsh | Cancel |
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(10) New project —9/9

Displays the files created by the project generator. Then press|FinisH.

eing the File Ma

generated:

The followine source files will be

File Ma.. | Ext.. | Description

dbsct
zhrk
indefine
intpre
resetpre
zample
shrk
ztacksct

a

c

C
h
C
C
C
h
h

Setting of B.R Section
Program of shrk
Definition of I/ Register
Interrupt Program

Rezet Program

Main Program

Header file of sbrk file
Setting of Stack area

< Back I [dest =

Finish | Cancel

For details on the files created in this section, refer to section 2.2, Introduction of Sample Program.
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(11) New project - Summary

Clicking [Finish >] on the Step 9 screen causes the project generator to display information on the projects to be generated
in the Summary dialog box. Check them and then click [OK].

The information on the projects displayed in the Summary dialog box can be saved as atext file named “Readme.txt” in
the Project Directory by checking [Generate Readme.txt as a summary file in the project directory].

Summary il EI
Project Summary:
———————— FROJECT GEMERATOR, ——————-- -
FROJECT MAME : zample —
PROJECT DIRECTORY : Ci¥Hewd eng¥zample¥zample
CPU SERIES : 2600
P TYPE : 2612
TOOLGHAIM MAME : Hitachi H83,HE/ 300 Standard Taaolch
TOOLCHAIMN WERSION : 6.0.0.0
GEMERATIOMN FILES :

Ci¥Hew3 eng¥zample¥zample¥dbsct.c s
Setting of B.R Section
Ci¥Hew3 ene¥zample¥zample¥sbrk.c
Program of shrk
Ci¥Hewd eng¥zample¥zampleXiodefineh
Definition of 170 Reeister
Ci¥Hew3 eng¥zample¥zample¥intprec
Interrupt Proeram
Ci¥Hew3 eng¥zample¥zample¥rezsetprec

Reset Program -
1 | »

Click OF to generate the praject ar Gancel to abort,

¥ Gererate Beadmetxt az a summary file in the project directory

Cancel |

(12) Other

If demonstration is selected from Project Type, low-level library sample that can be used at simulator debugging will be
included. Thefilesto be added are asfollows:

e lowlvl.src (Standard I/0O Sample Assembler List)
e lowsrc.c (Low-level Library Source File)
« lowsrc.h (Low-level Library Header File)
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(13) Setting options

Select H8S, H8/300 Standard Toolchain... from the options menu.

Eﬁ! sample - High-performance Embedded YWorkshop

File Edit “ew Project | Cptions Build Memory Tools ‘Window Help
D E,’"' n ﬁ | % Ha35,Ha,300 Standard Toolchain. ..
;:il—_n I Build Phases. ..

" JJ@ b by ﬁ‘ Build Configurations. ..

Debug Sessions. .,

m Debug Settings. ..
Ell@ sample
=23 G source
‘ L s (R

Radix

Specify the compiler options for sample.c.
Select [C/C++ Tab] [Category/Optimize] of [Options->H8S,H8/300 Standard Toolchain] in HEW.

On this dialog box, specify the output of an Inter-modul e optimizer add-on information by checking the item indicated
below:

21x]
Configuration : GG+ ITcu:Iu:hain Option |
| Debue =l Gategory :  |Uptimize |
E‘@ All Loaded Projects [¥ Optimization Details... |
E@ zample
23 G source file Speed or zize : |Size nrieTed optimization ;I
i Tlnlispf;i = Soeed/suboptions : Switch statement :
resetprec RE%IStE.r il |P.utu:| LI
zamplec [iswitch jude Functian call :
e Wishift to pditiple [@aa =
i ] Default Options WlStruct Azsignment LI Data access :
- G+ source file e function: IDefauIt v| |@aa LI
F-1 Azsembly source file . _ Iﬁ hodets)
B Linkage symbol file SEEIITIIT 11l [ 2byte pointer

LGenerate file for inter—-module optimization:
Cptione CACH :

—cpu=26004:24 —object="FICONFIGDIRME(FILELEAF) obj" :l
—debug —holizt —goptimize —cheincpath —lane=c -nologo _|

0] 4 I Cancel I
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In the next step, specify All Loaded Project in the Project File List to select [Link/Library Tab] [Category/Optimize], and
specify the options for inter-modul e optimizer.

First, in the Optimize tab, specify All to enable all inter-modul e optimization features.

0 Standard Toolchain
Configuration : GG+ | fzsembly  LinksLibrary |Standard Libraryl CRU | Simil_"l
|Debug LI Categary : |0|:utimize ;l
E@ All Loaded Proj Show entries for :
= Iﬁgm(}plesnurce file IOptimize LET ;I

(5] dhscte Optimize : INDne vl Eliminated size:[ D:x001E =]

_ :zgp;tgﬁfgc [0 elide profile -

sample.c

i - shrk.c

- D Default Options
-0 G++ source file
F-_1 Azsembly source file
-1 Linkage symbal file

|l [
[1Pe=allocate registers

Gache size

e I Q000 51
Lire s I Q0020 52

[C1Eliminate zame code
[(JU=ze indirect call/jump
[12ptimize branches

Options Link.Library :

—-noprelink, —-ram=0=F -nomeszaee -
~ligt="${CONFIGDIF4PROJECTNAME Y map” —nooptimize —
-ztart=F ResetPRG,PItPRG0400,P GO DSECCEBSEC, D000, [~

0] 4 I Cancel

Also specify hera to output an optimization information list on the [Link/Library Tab] [Category/List].

HB85,H8,300 Stanidard Toolchain |
Gonfiguration : G T+ | fzsembly  Link/Library | Standard Library | CPU | Sim ‘l ’I
IDehug \{ Categary : IList j

EI@ All Loaded Proj \AF Generate list file
= @ LEER —Contents
a G gource file
------ [E] dbscte Enable all |
B

[w|Show reference

[15how section Dizahle all |

. testc
------ D Default Optiong
- [:| G+ zource file

Options LinkALibrary :

noprelink rom D=F. nomeszage list
" SCONFIGDIRME (PROJECTNAMEL map™ show
avmbolreference nooptimize start

el ]

814 I Cancel |

Also specify the output of symbol optimization information and the number of symbol references to thislist.
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In the next step, specify inthe[Link/Library Tab] [Category/Section] the way files are to be assigned at linkage.

Here, change the address of section to which section B is assigned to H’ OOFF0000. First click the Addressfield, and press
the Modify button to specify the address.

Section address E |

Address - | 0= FFO000[=
{Hexadecimal)

| (] I Cancel |

The address is modified as shown bel ow.

Standard Toolchain

Configuration : GAC+ | Assembly Link/Library |Standard Library | GPU | Sim ]
|Debug j Category :
E..J@ = : . -
EH@ sample Show entries for |Sect|on ;l
E"a G =ource file Address Section - fAdd..
- [E] dhecto 000000400 | PRecetPHG
intpre.c FintFRG Madifi. |
resetpre.c 00000300 | F
__ samplec g$DSEG e Eyer|ay |
sbrk.c Gl b Remayve
D Default Options D [ =
- G+ zource file [<00F FO000 E -
F- Azsembly source file + | +
F-_7 Linkage symbol file Import I Export | g iz,
Options LinksLibrary :
-noprelink, -rom=0=F -nomeszaee -
~list="$ (CONFIGDIR4S (PROJECTNAMEY map”
—zhow=gvmbalreference —nooptimize -
ITI Cancel I
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In the next step, in the [Link/Library Tab] [Category/Verify], create CPU information to check the CPU assignment.

/300 Standard Toolchain

Gonfieuration - G/C++ | Assembly Link/Library | Standard Library | GPU | Sim_4] +|
IDehug LI Category © |“-.-‘erif§.r' LI
EI@ Gl Lu:--a-:led Projects GPLU information check :
E."E-gmg Zource file IChECk ;I
b dbactc CPU infaormation :

intpre.c Device | Start | End |
resetprec ROM 000000000 Ox00FEFFFF

zamplec R.A 0x00F FOo00 0x00FFFFFF Modify...
‘|2 shrke
- 5 Default Options Bemove
-0 G+ source file
-1 Aesembly source file GE informatiom tile path
-7 Linkage symbal file I Madify..

Optionz LinkLibrary :

—noprelink, —-rom=0=R -nomessage
~list="$ {GOMFIGDIRXS (PROJECTHAMEY map”
~zhow=gymbolreference —nooptimize

LT

(84 Cancel I

Selecting the Check in the CPU information check field allows the user to check the CPU information.

Pressing the [Add...] button brings up a dialog box, on which the ROM and RAM areas can be specified as shown below.

CGPU information add | CGPU information add |

Dievice : IR@M | Device : IF{F\M =]
Address : Address :

Start : | EleIEIEIEIEIEIEIEI:ZI Start : | EIxEIEIFFEIEIEIEI:ZI

End: | EIxEIEIFEFFFFj End: | IZIxEIEIFFFFFFj

] I Cancel | IR I Zancel |
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(14) Executing the building process
Execute the building process to generate aload module.

A build can be executed by pressing on the command button.

{sample - High-performance Embedded Workshop - [disct.c]

7+ Ele Edit ¥iew Project Options Buld Memory Tools \indow Help

=B x|
=181

DEE@ & 2e|0Tal|lory@|e|/@2Eue 2% ||n SET R Y
7| ER R EE | [oefousession Hremresssia
|mengats||FEEERRRO:.
e
EI--@ sample 5* ) Z
=03 sample /i FILE tdbsct.c i
B3 © source fils /% DATE :Thu, Oct 02, 2002 i
3 F#  DESCRIPTION :Settinz of B.R Section y
j% CPU TYPE THES/ 2612 #e
/e il
f# This file is zenerated by Renesas Project Generator (Ver.3.0). #/
Fh #/
: !
=3 Dependencies
: shrich
- [2] stackssth fprazma section $DSEC
static const stroct {
char #rom_s; i Start address of the initialized data section in ROM #/
char #rom_e; /% End address of the initialized data section in ROM  #/
char #ram_s; f# Start address of the initialized data seclion in RAM #/
1DTELII= {
__sectop("D"}, __secend{"D"), __sectop("R")}.
£4 [ sectop("$aB3807), _ secend("FABSGD"), _ sectop(”$AB3ER")I,
A [ __sectopi”$4BS16D") . __secend("$ABS1ED") . __sectop("$ABSIER") }
I8
frrazma section $BSEC b
static const struct {
char #b_s; /4 Start address of non-initialized data section #/
char #*b_e; /% End address of non-initialized data section #/
1BTELL]= { =
v L empen PET
KIN] r
B & dbacte |
- ¥
Double-click on the source file
name to initiate the editor.
1 o e Toavs -
[ A>Tt uitd £ Debuy A Findin Files ) ersion Control or A B Teana
Read-write 1/33 1 NS
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(15) Verifying the generated files
The following files are generated upon completion of the building process:

A directory with the same name as the project name s created under the project directory. The absolute load moduleis
generated under the name format sample.abs in the debug directory in the new directory.

A map file generated during the building processis stored in the same directory, and this file can be opened and checked
by clicking on [File- Open].

Y =
Laok i |a Debug =l ﬁl

dbzct h3c . zample. abs zample_mat.cpu
dbsct obj . zample. hEu: shrk.hBc
intprg.h8c d sbrk.oby
intprg.obj Debug.hdp
rezetprg. hdc . sample.mnt

rezetprg.obj zample. obj

ol |

Filez aof type: I.-i‘-.ll Files [*.7] j Cancel

i
File name: I Open I

The map fileis generated under the name sample.map.

213 Starting Toolsfrom a Command Line
Tools can be started from acommand line as follows:
This example uses an H8S/2600 advanced mode CPU.

In HEW1.2, sample programs are supplied in the HEW directory
¥Tools¥HITACHI\H8¥3 0a O\sample.

No. HEW1.2 File Description

1 init.c Initialization routine

2 vectbl.c Vector table settings

3 scttbl.c Section initialization routine

4 cmain.c Main function file

5 2600a.cpu CPU information file

6 c2600a.sub Subcommand file for inter-module optimizer

Sample programs are not available with HEW?2.0 or later. Therefore the sample programs of user's own make should be
prepared or the following files to be generated when creating sample project should be used as sample programs.
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Section 2 Procedure for Creating and Debugging a Program

Create a sample project by selecting Demonstration as the project type setting according to section 2.1.2, Creating a New
Workspace 2 (HEW2.0).

No. HEW?2.0 or later File Description

1 resetprg.c Initialization routine

2 intprg.c Vector table settings

3 dbsct.c Section initialization routine
4 main.c Main function file

5 2600a.sub(user's own make)  Subcommand file

(1) Set thedesired environment

e PCversion

set path=<HEW install directory>\tools\hitachi\h8\v3_0a_0\bin;%path%

set CH38=<HEW install directory>\tools\hitachi\h8\wv3_0a_O\include

set hink_linraryl=<HEW install directory>\tools\hitachi\h8\v3_0a_ O\lib\c8s26a.lib
* unix version

Refer to section 1.3, Installation Method.

(2) Compile

Compile the C program files.
ch38A—cpu=2600aA—debugAinit.cAvectbl.cAscttbl.c (RET)
ch38A—cpu=2600aA—debugA-show=allocation,obj ect A-goptimizeAcmain.c (RET)

(3) Createa CPU information file. (The addressrange can be specified only for HEW1.2 and not for HEW?2.0 or
later.)

In the unix version, start the cia38 to specify the ROM/RAM address range to be used.

For a description of how to use the cia38, refer to appendix J, Creating a CPU Information File, in the H8S, H8/300 Series
C/C++ Compiler, Assembler, Optimizing Linkage Editor User’s Manual.

In the PC version, you can use the HEW. Refer to section 2.1.1 (10), Setting options.
This example uses the CPU information file 2600a.cpu located in the sample directory.
Create a subcommand file for the inter-modul e optimization process.

Create the subcommand file to be specified in the inter-modul e optimization process.

This example uses the c2600a.sub file located in the sample directory. (Thefile can be used only for HEW1.2. Thefile of
user's own should be made for HEW2.0 based on the following subcommand files.)
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<c2600a.sub> (Modifying the subcommand file)

i nput init. obj

ot veetnt- o [ wwnties

i nput crmain. obj

out put test.abs ~QOutput file
format absolute

debug —Specify debug information

sysrof —Specify output format

rom D R
r om($ABS8D, $ABSSR) ~ROM support function
r om( $ABS16D, $ABS16R

start Cvect 1, Cvect 2(0)
start P, C D, C$BSEC, C}DSEC, $ABS8D, $ABS816( 0200) — Specify section allocation
start R B(OEDOO), S(OFEOO)

exit

Use the following subcommand file to execute the inter-modul e optimization process:
optlnk38A—sub=test.sub (RET) (HEW1.2 Command Line)
optInkA-sub=test.sub (RET) (HEW2.0 Command Line)

The optimization process outputs aload module file sample.abs;In HEW1.2 it aso outputs memory alocation information
to the linkage list sample.map and symbol optimization information to the optimization information list sample.lop. In
HEW 2.0 it outputs memory allocation information and symbol optimization information to the linkage list sample.map.

(4) Convert the object file.

In order to create a ROM program, convert the object load module (in the SY SROF type in this case) into the S-type
format asfollows:

cnvsAtest.abs (RET) (HEW1.2 Command Line)

Asthe Optimizing Linkage Editor has Converting Function for HEW2.0 or later, the S-type format can be converted
without using the converter.

Describe form=stype in the subcommand file to output the S-type format.
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2.2 Introduction of Sample Program

221 Initialization Required for ROM Programs
The following description revolves around programs created by the project generator as an example.

The following diagram shows the file organizations of programs created by the project generator and sample programs that
are supplied with this product.

(Sample programs are supplied with HEW1.2 and not with HEW2.0 or later. The sample programs vecttbl.c and vect.h are
not generated under HEW2.0 or later any more due to a description of expansion functions of intprg.c.)

. Supplied sample
Project Generator-
created programs programs(HEW1.2 only)
Description of processing
dbsct.c > Sets data section addresses. < secttbl.c
sbrk.c
) Allocates a heap area.
sbrk.h
iodefine.h — /O port definition file 4— CPU-name.h
intprg.c —P Creates interrupt functions. \
vecttbl.c vectibl.c
\A Generates vector tables. /
vect.h Wi
resetprg.c —P Creates entry functions. V\
init.c
stacksct.h — Sets the stack size. <
cmain.c ©
sample.c —P main processing (
cppmain.cpp  [(C+H)
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(1) Setting a data section address

(HEW project file name: dbsct.c, sample program name: scttbl.c)

IEEEE AR R R R SRR R R R R R R Ry

/* */
/* FILE :dbsct.c */
/* DATE : Thu, Nov 04, 1999 */
/* DESCRIPTION :Setting of B,R Section */
/* CPU TYPE 1 H8S/ 2621 */
/* */
/* This file is generated by Renesas Project Generator (Ver.3.0). */
/* */

IR AR R R R SRR R R R R R R R R LY

#pragma section $DSEC

; Sets the section address for an initialized data area.
static const struct {

char *roms; /* Start address of the initialized data section in ROM*/

char *rom.e; /* End address of the initialized data section in ROM */

char *rams; /* Start address of the initialized data section in RAM */
}DTBL[] = {

{__sectop("D"), __secend("D'), __sectop("R')},
{__sectop("$ABS8D"'), __secend("$ABS8D'), __ sectop("$ABS8R")},
{__sectop("$ABS16D') , __secend("$ABS16D') , _ sectop("$ABS16R') }

}s

#pragma section $BSEC
static const struct {

Sets the section address for an uninitialized data area.

char *b_s; /* Start address of non-initialized data section */
char *b_e; /* End address of non-initialized data section */
}BTBL[] = {

{__sectop("B"), __secend("B")},
{__sectop("$ABS8B"), __secend("$ABS8B")},
{__sectop("$ABS16B"), _ secend("$ABS16B")}

Sets the addresses of the initialized and uninitialized data sections that are used by aroutine that initializes them.

For adding an initialized data area section name, add the section name asin the preceding line.

For adding an uninitialized data area section name, add the section name asin the preceding line.

The __sectopand __secend are enhanced functions used to determine a section address.

These functions will be explained in section 3.3, Section Address Operators.
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(2) Allocating a heap area

(HEW project file names:. sbrk.c, sbrk.h, sample program names: sbrk.c, lowsrc.c, otherlb.c)
These programs generate a function that allocates the heap area to be used by the memory management library.

IR AR EEEEEE LR EEEEEEE LR EEEEEEE Rttt EE Rl

/* */
/* FILE :sbhrk.c */
/* DATE : Thu, Nov 04, 1999 */
/* DESCRIPTION :Program of sbrk */
/* CPU TYPE 1 H8S/ 2621 */
/* */
/* This file is generated by Renesas Project Generator (Ver.3.0). */
/* */

/**************************************************************************/

#i ncl ude <stdio. h>
#i ncl ude "sbrk. h"

//const size_t _sbrk_size= /* Specifies the mnimmunit of */
/* the defined heap area */

extern char *_siptr;

extern void srand(unsigned int);

static union {

long dummy ; /* Dummy for 4-byte boundary */
char heap[ HEAPSI ZE] ; /* Declaration of the area nanaged */
/* by sbrk */

}heap_area ;

static char *brk=(char *)&heap_area; /* End address of area assigned */

IR AR EEEEEE LR EEEEEE LR EEEEEEE Rttt E LRl

/* sbrk: Data wite */
/* Return val ue: Start address of the assigned area (Pass) */
/* -1 (Failure) */
/**************************************************************************/
char *sbrk(unsigned | ong size) /* Assigned area size */
{

char *p;

i f(brk+si ze>heap_ar ea. heap+HEAPSI ZE) /* Enpty area size */

return (char *)-1 ;

p=brk ; /* Area assignnent */

brk += size ; /* End address update */

return p ;
}
/**************************************************************************/
/* _INIT_OTHERLI B */
/* Initialize Clibrary Functions, if necessary. */
/* Define OTHERLI B on Assenbl er Option. */

/**************************************************************************/

void _I NI T_OTHERLI B(voi d)

srand(1);
_S1lptr=NULL;
}

The method for creating low-level interface routinesis described in "Low-level interface routines' in section 9.2.2,
Execution Environment Settings, in the H8S, H8/300 Series C/C++ Compiler, Assembler, Optimizing Linkage Editor
User's Manual.
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(HEW project file name: sbrk.h)

/***********************************************************************/

/* */
/* FILE :sbrk. h */
/* DATE : Thu, Nov 04, 1999 */
/* DESCRIPTION :Header file of sbrk file */
/* CPU TYPE : H8S/ 2621 */
/* */
/* This file is generated by Renesas Project CGenerator (Ver.3.0). */
/* */

IR EEEEE RS EEEEEEEEEEE R EEEEEEE Rl LRl

/* size of area managed by sbrk */
#def i ne HEAPSI ZE 0x400

Thisisaninclude file that is used for the definition of alow-level routine, sbrk. The include file indicates the size of the
heap area. To change the size of the heap area after the project has been specified, modify this value.

Example: Changing the size of the heap areato 514 (0x202) bytes:

#define HEAPSI ZE 0x202
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(3) Definingan /O port file

(HEW project file name: iodefine.h, sample program name: <CPU name>.h)
An /O port fileis defined so that 1/0 ports can be accessed using the variable names.

/***********************************************************************/

/* */
/* FILE :iodefine.h */
/* DATE : Thu, Nov 04, 1999 */
/* DESCRIPTION :Definition of 1/0O Register */
/* CPU TYPE 1 H8S/ 2621 */
/* */
/* This file is generated by Renesas Project Generator (Ver.3.0). */
/* */

IEEEE AR EE RS R R RS R R R R R R R R R R LY

/***********************************************************************/

/* H8S/ 2623 Group Include File Ver 1.1 */
/***********************************************************************/
struct st_hcan { /* struct HACN */
uni on { /* MCR */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */
unsi gned char SLPME:1; [* SLPME */
unsi gned char N */
unsi gned char SLPM:1; [/* SLPM */
unsi gned char 12, * */
unsi gned char MSM :1; [* MSM */
unsi gned char HALT :1; /* HALT */
unsi gned char RST :1; [* RST */
} BI T, /* */
} MCR; /* */
uni on { /* GSR */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */
unsi gned char wk :4; /* */
unsi gned char RSF :1; /* RSF */
unsi gned char MSEF: 1, /* MSEF */
unsi gned char SRWF: 1; /* SRWF */
unsi gned char BOF : 1, /* BOF */
} BI T, /* */
} GSR; /* */
(omtted)

#defi ne HCAN (*(volatile struct st_hcan *)OxFFF800) /* HCAN Address*/
#defi ne SCRX (*(volatile union wun_scrx *)OxFFFDB4) /* SCRX Address*/
#define SBYCR (*(volatile union wun_sbycr *)OxFFFDE4) /* SBYCR Address*/
#define SYSCR (*(volatile union wun_syscr *)OxFFFDE5) /* SYSCR Address*/
#define SCKCR (*(volatile union wun_sckcr *)OxFFFDE6) /* SCKCR Address*/

(cont)

When not using the project generator, in the samples that are supplied with the product locate the include file and the C
source file that are named identically with the CPU. Use these files after carefully checking that they are the correct files.
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(4) Creating Interrupt Functions

(HEW project file name: intprg.c, sample program name: vecttbl.c)
These programs define functions that make interrupt calls.

<HEW1.2>

/***********************************************************************/
/* */
/* FILE sintprg.c */
/* DATE : Thu, Nov 04, 1999 */
/* DESCRIPTION :Interrupt Program */
/* CPU TYPE 1 H8S/ 2621 */
/* */
/* This file is generated by Renesas Project Generator (Ver.3.0). */
/* */
/***********************************************************************/
#i ncl ude <machi ne. h>

#i ncl ude "vect. h"

#pragma section | nt PRG
/1 vector 2 Reserved

/1l vector 3 Reserved
~ Defines a section name

/1l vector 4 Reserved

/1 vector 5 Treace
voi d I NT_Treace(void) {/* sleep(); */}
/1l vector 6 Reserved

/1 vector 7 NM

voi d INT_NM (void) {/* sleep(); */} " . .

/1 vector 8 User breakpoint trap | Defines interrupt functions
voi d I NT_TRAP1(void) {/* sleep(); */}

/1l vector 9 User breakpoint trap

voi d I NT_TRAP2(void) {/* sleep(); */}

/1 vector 10 User breakpoint trap

voi d I NT_TRAP3(void) {/* sleep(); */}

/1 vector 11 User breakpoint trap

voi d I NT_TRAP4(void) {/* sleep(); */}

/1l vector 12 Reserved
/1l vector 13 Reserved

/1 vector 14 Reserved

Note: If #pragma section INtPRG is specified, the functions are assigned to the section named PIntPRG. Care must be
taken before changing the section name by the inter-module optimizer.

Rev.3.00 2005.09.12 2-39
REJ05B0464-0300
RENESAS



Section 2 Procedure for Creating and Debugging a Program

<HEW?2.0 or |later>

*
*
*
*
*
*
*
*
*
*

~ e e — — — e~

#i
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1

**********************************************************************/
*

/

FI LE cintprg.c */
DATE : Tue, Aug 20, 2002 */
DESCRI PTION : I nterrupt Program */
CPU TYPE : H8S/ 2612 */
*

/

This file is generated by Renesas Project Generator (Ver.3.0). */
*/

LA R R EEE R R R AR R R R R R Ry

ncl ude <machi ne. h>

#pragma section | nt PRG

vector 2 Reserved

vector 3 Reserved

The description of _interrupt (vect=5) generates a vector table
automatically.

vector 4 Reserved
vector 5 Trace
vector 6 Reserved

vector 7 NM

__interrupt(vect=5) void INT_Trace(void) {/* sleep(); */}

__interrupt(vect=7) void |INT_NM (void) {/* sleep(); */}

vector 8 User breakpoint trap

__interrupt(vect=8) void INT_TRAPO(void) {/* sleep(); */}

vector 9 User breakpoint tra

p
__interrupt(vect=9) void |INT_TRAP1(void) {/* sleep(); */}

vector 10 User breakpoint trap

__interrupt(vect=10) void INT_TRAP2(void) {/* sleep(); */}

vector 11 User breakpoint trap

vector 12 Reserved
vector 13 Reserved
vector 14 Reserved

vector 15 Reserved

__interrupt(vect=11) void INT_TRAP3(void) {/* sleep(); */}

For details on interrupt functions, refer to section3.1, Specifying an Interrupt Function.
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(5) Creating Vector Tables

(HEW project file name: vecttbl.c, sample program name: vecttbl.c)

These programs set the addresses of the interrupt functions in vector tables. (To be generated under HEW1.2 only)

IEEEE AR EE RS R R RS R R R R R R R R R R LY

/* */
/* FILE :vectthbl.c */
/* DATE : Thu, Nov 04, 1999 */
/* DESCRIPTION :lnitialize of Vector Table */
/* CPU TYPE : H8S/ 2621 */
/* */
/* This file is generated by Renesas Project Generator (Ver.3.0). */
/* */

/***********************************************************************/

#i ncl ude "vect. h"
Creates a vector table named

#pragna section VECTTBL RESET_Vectors in the CVECTTBL section.

voi d *RESET_Vectors[] = {
/] ; <<VECTOR DATA START (POAER ON RESET) >>
/1;0 Power On Reset

Power ON_Reset ,
/1; <<VECTOR DATA END ( PONER ON RESET) >>
/] ; <<VECTOR DATA START ( MANUAL RESET) >>
/1;1 Manual Reset

(void *) Dunmy,

Manual _Reset
/| ; <<VECTOR DATA END ( MANUAL RESET)>>
H
#pragma section | NTTBL ]
void *INT_Vectors[] = { Creates a vector table named INT_Vectors in
/1 2 Reserved the INTTBL section.

/1 3 Reserved

(void *) Dunmy,

/'l 4 Reserved

(void *) Dunmy,

/1 5 Treace

(void *) INT_Treace,

/1l 6 Reserved

(void *) Dunmy,

117 NM

(void *) INT_NM,

/'l 8 User breakpoint trap
(void *) | NT_TRAP1,

/1l 9 User breakpoint trap
(void *) | NT_TRAP2,

/1 10 User breakpoint trap
(void *) | NT_TRAP3,

/1 11 User breakpoint trap
(void *) | NT_TRAP4,

/1 12 Reserved

(void *) Dunmy,

/1 13 Reserved

(void *) Dunmy,

(cont)

Note:  Specifying a section name in the #pragma section causes the name to be appended to the default section name.
Therefore, when assigning an address using the inter-module optimizer, you need to change the section name.
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(6) vect.h
This program declares the prototypes for the built-in function that are referenced when vector tables are set up.

(To be generated under HEW1.2 only)

AR E AR R E RS R R R R R R R R R R R R Ry

I+ *]
/* FILE :vect. h */
/* DATE : Thu, Nov 04, 1999 */
/* DESCRIPTION :Definition of Vector */
/* CPU TYPE 1 H8S/ 2621 */
/* */
/* This file is generated by Renesas Project Generator (Ver.3.0). */
/* */

/*************************************************************************/

/] ; <<VECTOR DATA START (POAER ON RESET) >>
/1;0 Power On Reset

extern void Power ON_Reset (voi d);

/] ; <<VECTOR DATA END ( PONER ON RESET) >>
/] ; <<VECTOR DATA START ( MANUAL RESET) >>
/1;1 Manual Reset

extern void Manual _Reset (void);

/]; <<VECTOR DATA END ( MANUAL RESET) >>

/1 2 Reserved

/1 3 Reserved
/1 4 Reserved

/1 5 Treace
#pragma i nterrupt | NT_Treace

extern void | NT_Treace(void); . . .

/] 6 Reserved <-By specifying #pragma interrupt as an interrupt
function, RTE instruction is generated when

/] 7 NM returning a function value.

#pragnma interrupt | NT_NM For details on interrupt functions, refer to section

extern void I NT_NM (void); 3.1, Specifying an Interrupt Function.

/1 8 User breakpoint trap

#pragma i nterrupt | NT_TRAP1
extern void | NT_TRAP1(void);
/1l 9 User breakpoint trap
#pragna interrupt | NT_TRAP2
extern void | NT_TRAP2(void);
/1 10 User breakpoint trap
#pragma i nterrupt | NT_TRAP3
extern void | NT_TRAP3(void);
/1 11 User breakpoint trap
#pragnma i nterrupt | NT_TRAP4
extern void | NT_TRAP4(void);
/1 12 Reserved

/1 13 Reserved

(cont)
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(7) Creating an entry function

(HEW project file name: resetprg.c, sample program name: init.c)

/***********************************************************************/

/* */
/* FILE :resetprg.c */
/* DATE : Thu, Nov 04, 1999 */
/* DESCRIPTION :Reset Program */
/* CPU TYPE 1 H8S/ 2621 */
/* */
/* This file is generated by Renesas Project Generator (Ver.3.0). */
/* */

IEEEE AR EE R R R R R R R R R R R R R Ry

#i ncl ude <machi ne. h> Includes the embedded function include file

#i ncl ude "stacksct. h"

#pragma entry Power ON_Reset Specifies the PowerON_Reset as an entry function.
) ) ) The compiler outputs a code for initializing the SP to

extern void main(void); the entry function.

#i fdef __cpl uspl us

extern "C' {

#endi f

extern void _I NI TSCT(void);
#i fdef __cpluspl us

}

#endi f

/1#ifdef __cplusplus /! Rerove the comment when you use SIMI/O
/lextern "C" {

/[ #endi f

/lextern void _INIT_IOLIB(void);
/lextern void _CLOSEALL(voi d);
/1 #i fdef __cpl usplus

11}

[/ #endi f

//extern void srand(unsigned int); // Renove the comment when you use
rand()

/lextern char *_slptr; /! Renmove the conmment when you use strtok()

(cont)
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(continued from the previous page)

/1 #i fdef __cpl usplus /'l Rermove the comment when you use Hardware Setup
/lextern "C" {
/1 #endi f

/'l extern voi d HardwareSet up(void);
/1 #i fdef __cpl usplus

11}

/1 #endi f

#pragma section Reset PRG

voi d Power ON_Reset (voi d); | Sets the CCR interrupt flag to enabled |

voi d Power ON_Reset (voi d)

{ set _i mask_ccr(1); | Calls the section initialization routine |
_INITSCT();

/1 _INT_IOLIB(); /! Renove the comment when you use SIMI/O

/1 srand(1l); /! Renove the comment when you use rand()

/'l _slptr=NULL; /1 Renove the comment when you use strtok()

/'l Har dwar eSet up() ; /1 Renove the comment when you use Hardware Setup
i n(); Calls the main function

/1l _CLOSEALL(); /! Renove the comment when you use SIMI/O

) sl eep(); Enters the low power consumption mode

voi d Manual _Reset (void);
voi d Manual _Reset (voi d)
{

}

(8) Settingthe stack size

(HEW project file name: stacksct.h)

/***********************************************************************/
/* */
/* FILE :stacksct. h */
/* DATE : Thu, Nov 04, 1999 */
/* DESCRIPTION :Setting of Stack area */
/* CPU TYPE 1 H8S/ 2621 */
/* */
/* This file is generated by Renesas Project Generator (Ver.3.0). */
/* */
/***********************************************************************/
#pragma stacksi ze 0x200

Specify the desired stack size. This specification creates a 512-byte stack section, which has a fixed name of S.
The size of a stack section isequal to the stack size at the deepest nesting level in the function call relations.
Calculate the stack size by referencing the Total Frame Size that is output in the object list alocation information.

To change the stack size specification, modify the value in this program.
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2.3 Debugging Using the HDI

Let us use the newly created HEW workspace to perform debugging with an HDI. (The HDI can be operated from both

HEW1.2 and HEW2.0 or later.)

231 Running with HEW (1)

Select Customize... on the Tools in the HEW menu to open the Tools Customize dialog box and specify the location of the
HDI.exein the HDI location field. Then, the HDI can be started by pressing the Launch Debugger button on the HEW

menu.

Tools Customize

Tmlb:rsi Cn-mrn.'md;l Many Debuszer ]Lng: ] Halp I

HOI bacation (0 or grester): \

[c¥HewsHdi4_He#Hdiexe / b | r—ﬂmTI

Session fib:

I b I Browea., I

Devwnlosd module:

| » I Browse.. I
Ok Carcal

lLaunch Debugger]

RENESAS
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232 Selecting a Target
On the following screen, select the desired CPU type and debugger type.
This example, under the previously selected H8S/2600 advanced mode, selects the H8S/2600A Simulator.

After selecting atarget, click [OK].

{*¥ Create a new session on:

HES 26004 Simulator Exit |

" Previous session file:

B
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233 Allocating Memory Resour ces

In the next step, allocate memory resources necessary for operating the load module.
Either select [Memory Mapping Window] from the [View] menu or click on the Memory Mapping button on the Toolbar:

|ﬁ| IMemory Mapping|

This displays a Memory Map dialog box:

Memary Map

Svstem Confizuration Memory map

CPU:Ha5/2600 =1 100000000 FRFFEBFF EXT 8 7
bddress Space Size:32 FFFFECOD FFFFFBFF EiM 16 1
Program &rea Size:24 FFFFFCO0 FFFFFFFF 1/0 8 2
Exec Mode:STOP £

Syst 2M MEMory rescuUrce

e Beset| He|p| Q|ose|

Press the [Add] button to allocate memory resources on the System Memory Resource Modify screen.

In this case, specify all areas. For aROM area, specify the memory area from addresses H'0 to H'OOFEFFFF; for aRAM
area, specify H'00FF0000 through H'00FFFFFF. For the ROM area and RAM area access types, specify Read and
Read/Write, respectively.

Press the [OK] button.

System Memory Resource Modify

Start address [H00000000 I
|

End address IH "00FEFFFF
"Access type

C Write © Read/Write Help |

System Memory Resource Modify

Start address IH’UUFFUUUU
End address IH’UUFFFFFFI

E

Cancel |

" bocess tvee

C Read ¢ Write & Read/Write Help |
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The memory resources are then specified as shown above.

Memory Map

Svstem Conf izurat ion Memory map

CPU: HRS/2600 =1 00000000 FFFFEBFF EXT 8 2
bddress Space Size:3Z2 FFFFECOO FRFFFEFF EAM 16 1
Program Area Size:24 FFFFFCOD FRFFFFFF 140 8 2
Exec Mode: STOP =

S}u"S't M MeEMory resource

00000000 O0FEFFFF Read
O0FFO000 OOFFFFFF Read/Mrite

Modify [elete Reset | Help | Close |

Press the [Close] button to close this window.

234 Downloading a Load Module

Select [Load Program] from the [File] menu. Select the absolute load module to be debugged. When using a button, click
on the Load Program button on the Toolbar.

(| Load Program

Select the sample.abs file and click on [Open].

Load Program

Offzet: Open

|HO W Merify FeN— |
File name:

IC:¥samp|e¥sampIe¥Debug¥sample.abs _vJ

The following screen appears:
Thefileisloaded. The screen displaysinformation on the memory areas into which the program code is written.
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HDI

- Module name: GC¥sample¥sample¥Debug¥zampleahs
1 Areas |oaded:

000000 A — ODOOOE1S
00000300 — 00000DGT
00000026 — 00000CCA
00000400 — 0000045F
00000000 — 00OOD1ES
00000D6S — 00000024

2.35 Operating HDI with HEW (2)

Select Save Session As... from the File menu.

Save As ﬂ |
Save jm; I {4 Debug j El
|1 ch3%iop
|1 dwirf

zample

File name: Isample Save I
Save as ype; IHDI Seszion Files ¢ hds] j Cancel |

Selecting Customize... from Tools on the HEW menu opens the Tools Customize dialog box. In this dialog box, specify a
session file name in the Session file field and aload module name in the Download module field. Then, the session can be
loaded when the HDI is started by pressing the Launch Debugger button on the HEW menu.
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236 Displaying a Sour ce Program

Click on the Program Source button.

i

ot Program filg

FOE00A  Simulator

——]
==

File Edit Wiew Run Memaory Setup Window Help

=l=F= B Ewm@EE R ue

=
I
i
)
i

5
i
ok
b
%

Program Source [Ctrl+K]

Open fle
Look in: I =3 sample ;I | E“Fl |
1 2000 _inithb init vecthl
[_21 2600 _atherlib lovesre
I—1 200 abort arexit
-3 300k callmain scttbl
_closeal .m testl
_init it wec_thl
< | ~
Filz name: Iu:main Open I
File=z af type: I.-'lxll Filez [*.%] LI Cancel |

Select the cmain.c file.
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237 Setting a Breakpoint

On the BP column in the program window, double-click on the source line at which a breakpoint isto be set.

For example, double-click hera for setting a breakpoint when the main function is started.

"|‘.rt=.11 A7 Debugring ntenface — 26004 Simulator

sample —

File Edit Wiew Run Memory $etup Window Help

'\_._
_=

SN EES A==k

Oy BREED ., WEE ||=f =

T

The symbol
been set.

de displayed at the line (address) atwhich the breakpoint has

T

E‘ 8 cmaine
& Line |Address |Bgp |Label dource
274 00000a%: ®  Proci H
o ||| z7s REG OneToFifty IntLox;
#\ 276 REG Enumeration EnumLoc;
277
o 278 #ifdef DEEUS
i 279 printf{"Proci executed. IntParIC=%dM\n",IntParId);
ar 1] 2eo ffendif
N_{- 281 0o000a%e IntLoc=(*IntParIC)+10;
— || 252 for(;;)
4 283 {
Bl zee 00000aad 1f{Charlzlob=="4")
——— 1 285 i
286 00000aaa ——IntLog;
16
]
g
Z
o8
A

|For Help, press F1

T
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2.38 Displaying the Register Status
Either select [Registers] from the [View] menu or click on the CPU Registers button on the Toolbar.

By opening the Register Window from the [View] menu, you can see the status of the registers.

| | CPU Registe

] F:ee_'_i-_:ter-:'-
| hegister Value =]
1 ERD hoooooot
ERL 0000000«
ERZ 0000000¢
ERZ 0000000«
ER4 0000000¢
ERS 0000000¢
ERG 0000000«
ER7 0000000¢
EC aooooa
+ CCR I0-——-—---
+EXR ————- ooc
CcH Dnnnnaﬂﬂ
ETN} v
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239 Referencing to an External Variable

Select the name of the variable of interest. Click on the right button to select Add Watch from the popup menu. On the
Watch Window, you can reference the value of the variable. Alternatively, you can display the value of avariable by
placing the mouse cursor on the variable.

y Simulator

File Edit Miew Run Memory Setup Window Help |

D ORESE ey | (RS DRE R WS R B

E B cmainc |- [Of =] =
Line |Address |BP |Label Source AI

& z81 00000aga IntLoc=({*IntParId)+10;

i || ze2z  ooDODaes fori;:)

~ | ze3 {

I =54 00000ado if{CharlGlob=="TA"T)

283 {

@ |lzee 0O00Dada -~ IntLoc; |

= ||| 287 00000ade *IntParIo=IntLoc-Int&lob;

+ Z88 EnumLoc=Identl+l;

i | e )

| 1f{Enumloc==fRaee)

E _Zﬁ hreak: Copy
— 3 Eind... Fi

1 [m FIRE

16 Register Yalue & Name Value =

10 ERO 00o00o0o0¢ Charleloh RN G0 T Gursor

g ER1 0o00000¢ IntLoc Zek BERhIETE

= ERZ 000000o0; IntLoc Instant Watch..

Z ER3 o0ooo0o; IntParIo 3
g ER4 ooooooofq Intslok DTo Go to Disassembly

A ERS ooooooofq EnumLoc

ERE& gooooooc Identl

T+ ER7 0000000¢ -
|Add wariable under cursaor to watch window '_IW v

After making these preparations, try to execute the program.
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2.3.10 ResetGoCommand

Selecting RestGo from the [Run] menu causes the system to execute the program until the PC reaches the breakpoint.

Bl

On the C source program, right-click to display the popup menu and select Go to Disassembly to display a Disassembly
window. The rightmost column on the Disassembly window is the Source column, where the C source program associated
with the disassembled code is displayed.

bl Hrtachi Debugging Intedface — sample - H 0& Zimulator

=
e | e

File Edit View FRun Memory Setup Window Help ‘

D omER [y [EER D DED E N WE R ([EF L .

inti; =
& = [=]
Line |Address |BE |[Labe Source <
@ 1 dd bel
CH¥HewsTools¥Hitachi¥HE¥ S 0a 0¥ sample¥cmaine
= Address EFP |(Code Labe Assembler Source -
Eﬁ dd d hel bl
maln ERA ProclO: Prog ;
ﬁ‘-ﬁ\ Qooooesz @ 4040 _mal @ 0:8 0.
P ooooogs4d O0100&DFE MOV.L ERZ, @-ER7 char *mallo:
oF STM. L ER4-ER , @-3P
= ooooosss 01Z06DF4 (ER4 61,08
z oooo08s5e ano4 MOV . W RO, R4 {
(= oooo00g85e TAOGOO0FF MOV.L #H'OOFFEFES, ERG ifia.
# 1| oooooss4 17F4 EXTS.L ER4
ﬁ oooo08ea arFcs MOV.L ER4, ERS
E ooooosss 01006951 MOV.L AERG, ER1
Ooo00g8&s 0acl ADD.L ERd, ER1
e} oooo086e 7A0zZ0100 MOV.L #H'01001FD6, ERE
" ooooogT4 1Fal CME.L ERZ, ER1
’f ooooosva 4210 BEHT AHTO0888:8
ﬁ ooooogve 01006961 MOV.L WERG, ER1 { =
g {I | 3 4
= sy TOoooooor
£ ER3 000000ac
Jieci ERd O0FFEOCOC Int&lohb
A ERS 01001FDI EoolGloh
ER& oooooooq Charlzleob
T ER7 00FFEFSI Charzelob
PC ooocoo +tarraylzloh
+ CCR IOHUN--¢ +tirrayZclob
A TVT e — oo i
|For Help, press F1 | LR i
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2311 Referencingtoalocal Variable

Selecting [Locals] from the [View] menu causes the system to display a Locals window, which shows the local variables
that can be referenced from the current PC position and their values.

Pressing the Step button allows the user to enter the function. The following section describes the step-execution of
programs.

2312  Step-Execution of a Program
L et us now execute the program in steps by using Step In, Step Over, and Step Out from the [Run] menu.

In the case of a subroutine call, Step In moves the PC into the subroutine.
Step Over moves the PC from one a subroutine call line to another.
Step Out moves the PC from a subroutine call line to the next line.

B ces (@ sepow [B] Eepou

Selecting [Run...] from the [Run] menu causes the system to open the Run dialog box, which allows the user to change
the unit of steps.

Run Program

Program Counter:

H 00000 D)l

Stop At

Go PC I Go Beset | Cancel |

Bl=sh Fregram | Blast Bt |

In this example, one step corresponds to one line of the C source program.

Rev.3.00 2005.09.12 2-56
REJO5B0464-0300
RENESAS




Section 2 Procedure for Creating and Debugging a Program

2.3.13 Displaying Memory Contents

Specifying [View > Memory...] causes the display of an Open Memory Window dialog box. Enter a symbol namein the

Addressfield.

Open Memory Window

Address:

I Proc?|

Format:

Cancel| |

IEiyte

The contents of memory can be displayed in the following Byte Memory screen:

g interface — sample —

i00 A Simulator

File Edit ¥iew Run Memory Setup Window Help |
D oRsE [P | (IEREg QREDELFER [HERAE . B0 6 e
ine i =] 3 =
g Line |&ddress |BP |Label Jource =
zZa8 else
=l a structassign(*PtrParIn, NextRecor H
& ll|zes o0o00DaBE i (* dl
2l z7o #undef NextRecord
271 00000a%é& }
e
27z
273 :
o ¢t Memory — HOOFFFF 4D
#1272 o0o0000a%c® Procz S :
* 275 - lrddress Data
* =g (lx} oo 00 00 00 00 00 00
4 277 COFFFFO& OO 00 00 OO0 00 00
B z7s JOOFFFFOC OO 0O 00O OO0 00 00
) FFFF
279 (lx} 1z 00 00 00 00 00 00
arlllze0 jooFFFF1S 00 00 0O 0O 00 0O
=i ‘l | COOFFFFLE OO0 00 00 0O 00 00
e - , —— [N0FFFFZa 00 00 00 DO 00 00
0 ERO O0OFFEF 3¢ OOFFFFZa OO0 00 00 00 00 00
q ER1 O0FFOO00] OOFFFF30 00 00 00 00 00 oo
= ERZ OOFFO474 COOFFFF3& OO0 00 00 0O 00 00
£ ER3 OO0FFEF7] COFFFF3C OO0 00 00 00 00 00
g ER4 O0OFFEFS OOFFFF4Z 00 00 00 0O OO0 oo
A ERS OOFFO46&¢ nnrreras N0 nn nn nnonn hn
ER& C34EEE4”
T ER7 DO0FFEFS(
BC 0o0asc
+ CCR I1-U----
PUIE - L. o T — nor
|Break = PC Breakpaint
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2.3.14 Operating HDI with HEW (3)

To start the HDI from the HEW, open the desired file on the HEW Editor by double-clicking on the HDI source window.

| o I (i W ool (i
HERE G JJ%im|UW 'ﬁ&|
D@8 sm@ w3 TO
=]
E"@ sample #endif j
El@ sample IntLoc=(*IntParI0) +10;
El-+Z3 Project Files fori::]
P e % cmain.c i
..... % dbscte if(CharlGlob=="'4"]
..... gl intpra.c H
..... % resetpra.c —-IntLoc;
..... 5] sbrkec #*IntParI0=IntLoc-IntGloh; |
(- S] vecttble EnuwnLoc=Ident 1:
E’ﬁ Dependencies +
..... % shrkoh if (EnumLoc==Identl)
----- g stackscth bresk:
----- % vecth _ILI
<] | }
@Pmier.’ls I@Na\tigaﬁun | cmain.c¥ | Documentl Document?

Z|[Phase H Series Stype Converter starting ;I
_>| FPhase H Series Stype Converter finished
Euild Finished
0 Errors, 2 Warnings
4
A= T puitd £ Findin Files A Version Cortral f
For Help, press F1 25 |288.-'r461 INS MUM -

Edit and save thisfile to recompileit. (Note that the sample programs cannot be modified because they are a read-only
file)

When activated, the HDI displays a message dialog box and asks whether the program is to be reloaded.

HDI

@ File G:ugampletsample~cmainc has been modified. Reload?

Selecting Y es causes the HDI to reload the program.
The debugging process can be performed in this manner.

The HDI aso provides the performance analysis function. To measure the performance of aprogram, select Performance
Analysis from the [View] menu, which opens a Performance Analysis window.
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Performance Analysis

Index Function Cyele| Coun

% Histogram

M= K

To measure performance, select Enable on the popup window:

Add Range..
Edit Range..

Reget Counts/Timeg

Analysis Enabled

elpter Bafize

Delete &l Ranges

On the Add Range option of the popup menu, specify the label on which performance is to be measured.

Performance Cption

Funct ion Mame [Proc2

Help |

Ok

Cancel

Performance Anakysis

] main
Frocl
Procz
Frocd
Procd
Procs
Froce
Proc?

[ B I S Y R R T N I S

Froch

Index Functio

0
352
0
173
35
35
134
&6
S224

]

MR RRPRR R

]

oo oo o ooo

Cyole| Count] 3| Histogram

After executing the program, the performance of each label is displayed as aresult.

For details of HDI features, refer to the Hitachi Debugging Interface User's Manual.

RENESAS

Rev.3.00 2005.09.12 2-59
REJO05B0464-0300




Section 2 Procedure for Creating and Debugging a Program

24 Debugging Using the Simulator -Debugger
Debugging became enabled on the HEW beginning with HEW2.0. (Note that it is not available with HEW1.2.)

Use the sample project created by selecting Demonstration as the project type setting to execute the simulator-debugger.

241 Setting Configuration

e Select [Build Configrations...] from the [Option] menu to invoke the Build configurations screen and select the
environment to be used. In this case, select [SimDebug_H8-2600A].

If you modify the configuration, execute the building process.

E:g‘;:! sample - High-performance Embedded Workshop - [dbsct.c]
% File Edit  Wiew Project | Options Build  Memory Tools Window Help

-]

0 | g |§ | ¥ Ha&5,H8/300 Standard Toolchain. ..

;:u-—_- I Build Phases... b4
Build Configurations. .. I
P b dh & K ji I
- Debug Sessions.. . =
— T,
E‘@ sample Debug Setkings...
Ell@ sample
B3 © =ource file Radix bz,
' ' ..... é I I I FL Lol IT T I o DUTTT U- B
fa nOle TWhr sl damdn

Build configurations: ] 4 I

Debug
Felease o Cancel |

e [ =
Add..

Bemove |

Current configuration:
SimDebug_HB5-26004 ;l
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242 Allocating Memory Resour ces

Memory resources should be allocated in order to run an application that has been developed. Check the settings because
memory resources are automatically allocated in the Demonstration Project.

e Select [Simulator > Memory Resource...] from the [Option] menu to display the current memory resources.

E:ﬁ:asample - High-performance Embedded Workshop

Fil= Edit View Project | opkions Build Debug Memory Tools Window Help

D& W& | &

H&5,H3/300 Standard Taalchain.. .

E=E

]

Build Phases. ..

||SimDe|:uug_HES-2I3EIEl-'-‘«

i |[|Pm e o8 &

Build Configurations. ..

& ||jm = =

Debug Sessions. ..

T ||BBe &

Debug Setkings. ..

El@ zample
EI@ sample
=3 Assembl,

Radix

Ea Z zource file

Simulakor

Y b System...

ErEIMemory Resource, .,

Simulator System ﬂll

System  Memory |

Metmary Map: ﬁllﬁh Lo ﬂﬁﬂl Memaory Resource: L
Begin | End | Twpe |s.]s.] Begin | End | atiribute i
non00aoo Q0001 FFF RO 16 1 Q0000000 Q0007 FFF FeadMiite
O0FFEOON OOFFEFBF  FAM 16 1 Q0FFEQON DOFFEFBF  Read/Wite
O0FFFE00 OOFFFF3F LD a2 Q0OFFFa00 DOFFFF3F | Read/Miite
00FFFF&D DOFFFFEF LD g 2z OOFFFFED DOFFFFFF  Read/Wite
O0FFFFCO  QOFFFFFF  RaM 16 1

(0] 4 Cancel fpply

Readabl e/writable area from H'00000000 through H'00007FFF is allocated for a program area and the areafrom
H'00FFECO0 through H'00FFFFFF is allocated for a stack area.

» Click on the[Close] button to close the dialog box.

Memory resources can also be referenced or modified on the [Simulator] tab of H8S, H8/300 Standard Toolchain dialog
box. Mutual modification is reflected.
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243 Downloading a Sample Program

Check the settings because a sample program to be downloaded is automatically set in the Demonstration Program.

« Select [Debug Settings...] from the [Option] menu to open the Debug Settings dialog box.

Debug Settings I

[SirmS essionHas-25004, ] Target | Options |

------ & =ample3 Target:

002, Simulator

Default Debug Farmat:
|Elf/Dwarf2 =]

Download Modules:

File Mame | Offzet Address | Farm: Add. |
FCONFIGDIR)E... H'OOOO0OO000 Eli/D
Hemnmwe |
b Edifin.. |
115/} |
gt |
| | ]

Ok I Cancel I

Thefiles set in [Download Modules] will be downloaded.

» Click on the [OK] button to close Debug Settings dialog box.
« Select [Download Modules -> All Download Modules] from the [ Debug] menu to download the sample program.
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244 Setting Simulated 1/0

Check the settings because Simulated 1/0 is automatically set in the Demonstration Project.

e Select [Simulator -> System] from the [Option] menu to open Simulator System dialog box.

Data Area Bit Size:

System Call Address: [~ Enable

ID'24 IH'DDDDDDDD
Program firea Bit Size: Execution Mode:
24 |Stap =l
Fezponze: Bound Mode:
{D'40000 |Found To Nearest =l
SYSCR Address:
IH'DDFFFFSQ
(a4 I Cancel Apply

e Check that [Enabl€e] has been selected in [System Call Address).

* Click on the[OK] button to enable Simulated I/O.

e Select [Simulated I/O] from the [View] menu to open the Simulated 1/0 window.

Without opening the Simulated I/0 window, Simulated 1/O is not enabled.

Simulated L0

RENESAS
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245 Setting Trace Information Acquisition Conditions

e Select [Code->Trace] from the [View] menu to open the Trace window. Then right-click on the Trace window to
display the popup menu and select [Acquisition...].

The Trace Acquisition dialog box appears as shown below.

Trace Scquizition

—Trace Start/Stop
= Dizable

{* Enable Gancel |

—hztruction Twpe
{* Thetruction
{~ Subroutine

— Trace Buffer Full Handline
f+ Cantinue
{~ Break

— Trace Capacity
f* 1024 records
{4096 records
16384 records
{32768 records

» Set [Enable] for [Trace start/Stop] in the Trace Acquisition dialog box and click on the [OK] button to enable Trace
Information Acquisition.
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2.4.6 Status Window
The termination cause can be confirmed on a Status window.

« Select [CPU->Status] from the [View] menu to open a Status window. Display [Platform] sheet from within the Status
window.

Ttenm IStaLus

Contected To HE22 /26004 Simulator
CPTT HoS/Z2e004

Exec Mode Stop

Pun Status Beady

Ereak Cause Beady

Execute From Beset

Exec Instructions a

Ciycles a

<[ [\ Merrory J, Platform #, Everts /

24.7 Registers Window
Values of registers can be confirmed on a Registers window.

* Select [CPU->Registers...] from the [View] menu.

Register =)
Begizter Name IREgister Value

ERD H'0GoooG0oo

ER1 H'0GoooG0oo

ERZ H'0GoooG0oo

ER3 H'0GoooG0oo

ER4 H'0GoooG0oo

ERS H'0GoooG0oo

ERG H'0GoooG0oo

ER7 H'0GoooG0oo

P H'0GooooG

CCR If-————-

EXR. === 111

MaCH H'OGOG0G00

MaCL H'OGOG0G00

l | »
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248 Using Trace
(1) Trace Buffer
By using the trace buffer, you can see the history of execution of instructions.

o Select [Code->Trace] from the [View] menu to open a Trace window. Scroll up to the top of the window.

=1
FTR | Cycle Address | CCR |Hult | Instruction |Access Data | Jource | Label | ]
-0003500000000000850 I--—-—-- MOV. L #H'OER4<-00FFEQ45 if(strcmp
-0003E00000000000856 I--—mm-- MOV. L #H'OOER1<.-00000EED
-000370000000000085C I--—mm-- THER @_strPC<-00000BEE
-0003E00000000000EEE I--———-- STH.L (ER4-00FFFFFO<-00000 _Strcmp
-0003500000000000EC2 I--—-i--- HOV.L ERO,EERG<-00000000
-0003400000000000EC4 I--———-- MOV. L ER1,EERS<-00000EEQ
-0003200000000000ECE I--—mm-- EF& EH'0BPC<-00000BCC
-0003200000000000ECC I--=-F--- MOV.E BERS ,R4ALL-00
-0003100000000000ECE I--—mm-= MOV.E EERS,ROL-73
-0003000000000000ED0 I-H-0N---- CHF.E ROL,R
-000Z500000000000ED2 I-H-0N---- ENE EH'OBPC<-00000BD3
-000ZE00000000000EDS I-H--i--- HOV.EB BERG,ROLC-00 -
-0002700000000000BIE I-H--F--- EXTI. T R0 RO<-0000
-0002E00000000000EDC I-H------ MOV.E EERS,R5LL-73
-000Z500000000000EDE I-H---—-- EXTUO. W RS R5<{-0073
-0002400000000000EEQ I-H-0N---- SUB.W RS, RORO<L-FF&D
-0002Z00000000000EEZ I-H-0N---- LDM.L @5P+,ER4<-00FFE045
-000&200000000000EES I-H-N---- RTS PC<-00000560
-0002100000000000860 I-H-N---- MOv. W R0,RORO<-FFSD
-0002000000000000862 I-H-W---- ENE EH'08PC<-0000086E
-000150000000000086E I-H---—-- MOV.L #H'OOER1<-00000EEG else ifi(=
-0001E00000000000574 I-H--i--- HOV.L ERS,EER0<-00000000 ﬂ
[ intaB R ntatutalatatatatuletetake Fal T TT ~ T M mameeTi™ - SSASSASTITIT

(2) Trace Search

First, right-click on a Trace window to display the popup menu and select [Find...] to open the Trace Search dialog box.

" Address
" Instruction

Walue:
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Set the search item [Item] and the search content [Valug], click on the [OK] button, and execute Trace Search. If you find
the applicable trace information, highlight the first line. If you continue Trace Search for the same search content [Value],
right-click on the Trace window to display the popup menu and select [Find Next]. In the next step, highlight the next line.

|
Address | CCR | Multc | Instruction | Access Data | Source | Label | 1=
-0003500000000000850 I--—-- MOV. L #H'OOER4<-00FFE045 if (strcmp
-0003800000000000556 I--—-———- MOV. L #H'Q0ER1<-00000EED
-000370000000000085C I--—-———- T3ER @_strPC<-00000EBE
-0003€00000000000EEE I-——-—-- STH.L (ER4-00FFFFFO--00000 _Strcump
-0003500000000000BC2 I--—-F--- MOV. L ER0,EERA<-00000000
-0003400000000000BC4 T--—-- MOV. L ER1,EERS5<-00000EED
-0003200000000000ECE I--—-———- ERL [H' OBPC<-00000ECC
-0003200000000000ECC I--—-F—-- MOV.E FER&,R4L-00
-0003100000000000ECE I-——-—- MOV.E [@ERS,EOL<-73
-0003000000000000BD0 I-H-N---- CMF.B ROL,E
-0002500000000000BD2 I-H-N---- BNE @H' OBPC<-00000EDE
-0002800000000000BDE I-H--7--- MOV.B BERS,ROL<-00 —
-0002700000000000ED4 I-H--i--- EXTIL R0 RO<-0000
-0002E00000000000EDC I-H—--—-- MOV.E FERS,RSL-73
-0002500000000000BDE I-H----—-- EXTIL T R5 R5<-0073
-0002400000000000BED I-H-N---- SUB.W R5,ROR0<-FF&D
-0002200000000000BE2 I-H-N---- LDM. L @SP+,ER4<-00FFEN45
-0002200000000000BES I-H-N-—-- BTS PC<-00000860
-0002100000000000860 I-H-N-—-- MOV. T RO, ROR0<-FF&D
-0002C00000000000862 I-H-N---- ENE [@H'08FC<-00000586E
-0001500000000000586E I-H----—-- MOV. L #H'O0ER1<-00000EEG else ifis
-0001800000000000574 I-H--7--- MOV. L ERS,EERO<-00000000 Ll
it Rttt atatatatalintatatals al T TT - TieT [r] —a .. T 2 ACAOaOTITT
249 Displaying Breakpoints
i
Tvpe State Condition
EF Enable PC=H'OO00DAGZ (sample.c/27)
EP Enahle PC=H'00000AGG (sanple. c/29)
! | i
A | &I, Software Break £ Scfware Evert f

All the Breakpoints lists set in the program can be displayed on a Eventpoints window.

Select [ Code->Eventpoints] from the [View] menu.

The Eventpoints window allows the user to set Breakpoints, define new Breakpoints and display Breakpoints.

Close the Breakpoints window.

RENESAS

Rev.3.00 2005.09.12 2-67
REJO05B0464-0300




Section 2 Procedure for Creating and Debugging a Program

2410 Displaying Memory Contents

The contents of memory block can be displayed on a Memory window. For example, the procedure for displaying the
memory for the main column in byte size is shown as below.

e Select [CPU->Memory...] from the [View] menu to enter memory area start addressin the [Begin] field and end
addressin the [End] field.

Format 2| x|

Beeir: I

| s00
Cancel |

End:
| 1000

Eormat:
IEIyte 1) j

Dizplay Walue fa:
I AMSI character j

Bytes Count For One Line:

[16 Byte =l

e Click on the [OK] button to open the Memory window which shows the specified memory area.

hemory

Address | 40 | +1 | +2 | +3 | 44 | +E | +& | 47 | +sﬂ
0x0DO000S00 54 70 E4 70 0l 10 &n F2 0Ol
ox0DOOOOE10 OF El1 QA 81 74 02 00 FF  E4
ox0DOOOOSE0 1B 70 40 2 2OE  OF Bl 0OA &3 0L
0x0O000S30 OF %0 0l 10 &b 73 54 70 6D
0x0DO000S40 OO 00 0  AD 74 0Ol 00 00 0%
0xDOOO0SED 6 04 0l 00 &b 05 40 02 &C
0x0O000SE0 45 EC FA 0 00 00 00 08 94 A
Ox0O000S70 0L 00 6D 04 0l 00 6D 05 Ol
0x0DO000SE0 6 EA OE 05 1F D4 45  Fe  LF
Ox0DOOOOES0 6 72 E4 70 00 00 08 AE OO
Ox0DO000SAD OO FF E0 00 oo FF E4 E0 00
0x00000SEQ OO0 00 00 00 00 PO 00 00 00

|| | M
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Section 3 Compiler

This section describes effective functions used at the development of C/C++ programs.

The functions described below allow you to perform interrupt processing and other types of processing that cannot be
supported in most C/C++ programs.

31 Specifying an Interrupt Function
Description

#pragma interrupt <function name> declares an interrupt function. The declared interrupt function, for which all the
registers used in the function are guaranteed (saved and restored), returns on the RTE instruction. This enables the
interrupt function to return from an exception processing.

[Format]

#pragma interrupt (<function name>[(<interrupt specs>)][,<function name>[(<interrupt specs>)]...])

Example

To declare an interrupt function f1. This function returns on the RTE instruction after completing its processing.

(C/C++ program)

extern unsigned char a; |
#pragma interrupt (f1)
void f1(void)

{

}

~ The function f1 is defined as an interrupt function.

a=0;

(Compiled assembly-language expansion code)

_fa:
PUSH. W RO
SUB. B ROL, ROL
MOV. B ROL, @a: 32
POP. W RO
RTE
. END

~ Interrupt function returns on RTE instruction.

Remarks and notes

Interrupt function declarations support the following features. stack-switching specification, trap instruction return
specification, interrupt complete function specification, and vector table specification.
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No. Item Format Option Description
1 Stack- sp= <variable>| Specifies a new stack address with a variable or constant.
SW'tC_h_'ng_ &<variable>| <valuable>: Valuable (pointer)
specification )
<constant>| &<valuable>: Valuable (object type) address
<variable>+ <constant>: Constant value
<constant>|
&<variable>+
<constant>
2 Trap tn= <constant> Specifies the end with the TRAPA instruction.
instruction <constant>: Constant value (trap vector number)
return
specification
3 Interrupt sy= <function Specifies the end with a jump to an interrupt function.
?omglete name>| <function name>: Name of interrupt function
unction
specification <consta.mt>| <constant>: Absolute address
$<function $< function name>: Name of interrupt function without an
name> underscore
311 Stack-Switching Specification
Description

This function specifies a separate interrupt function stack area.

When an external interrupt occurs, the stack-switching specification (sp=) switches the stack pointer to a specified address
so that the interrupt function can be operated using that stack. Upon return, this function resets the pointer to the condition
that existed before the interrupt occurred.

Example

To specify anew stack address with avariable or constant. In the following example, the array STK[100] is set as a stack
to be used by the interrupt function f:

(C/C++ program)

extern int STK [100];
extern unsigned char a;
#pragma interrupt (f(sp=STK+100))

— Specifies an interrupt function
and switches the stack pointer.

voi d f(void)

a=0;

(Compiled assembly-language expansion code)

it |
MOV. L SP, @ STK+96: 32 ;
NV, L # STK+96: 32, SP ~ Changes the stack pointer.
PUSH. W RO
SUB. B ROL, ROL
MOV. B ROL, @a: 32
POP. W RO
MOV. L P, SP . . .
RTE & « Interrupt function returns on RTE instruction.
. END |
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Remarks and notes

(i) This specification can be set together with atrap instruction return specification or an interrupt function complete
specification.

(i) The stack-switching specification "sp=" should always be specified in lowercase characters.

312 Trap Instruction Return Specification

Description

Functions that are declared in #pragma interrupt are normally returned by executing the RTE instruction. However, when a
trap instruction return specification (tn=) is enabled, they are returned by executing the TRAPA instruction.

Example
To initiate a trap exception processing by executing the TRAPA #2 instruction upon completion of the interrupt function:

(C/C++ program)

extern unsigned char a; I

#pragma interrupt (f(tn=2)) « The interrupt function f is returned on the execution
voi d f(voi d) of TRAPA instruction.

{

}

a=0;

(Compiled assembly-language expansion code)

_f1:
PUSH. W RO
SUB. B ROL, ROL
MOV. B ROL, @ a: 32
POP. W RO
TEQBA #2 ~ Returns on the execution of TRAPA instruction.

Remarks and notes

(i) Thisspecification, which can be set with the stack-switching specification, cannot be set together with an interrupt
function complete specification.

(i) The trap-instruction return specification "tn=" should always be specified in lowercase characters.
(iii)This specification cannot be used when the CPU operating mode is specified as 300.
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313 Interrupt Function Complete Specification
Description

Functions declared in #pragma interrupt are normally returned by executing the RTE instruction. However, when an
interrupt function complete specification (sy=) is enabled, they jump to the specified address by the IMP instruction.

Example
To jump to the address of function f2 by the IMP instruction:

(C/C++ program)

extern int f2();
extern unsigned char a;
#pragma i nterrupt (fl(sy=$ f2))

~ At the end of interrupt function f1, jumps to
the address of function f2 by executing the
a=0: JMP instruction.

} |

voi d f1(void)
{

(Compiled assembly-language expansion code)

_f1:
PUSH. W RO
SuB. B ROL, ROL
MOV. B ROL, @a: 32
POP. W RO
JII\E/ED @2:24 — Returns on the JMP instruction.

Remarks and notes

(i) This specification, which can be set together with a stack-switching specification, cannot be set with atrap instruction
return specification.

(i) If specified as $<function name>, the function name is referenced by an assembly language program as the name
without an underscore.

(iii) The interrupt function compl ete specification "sp=" should always be specified in lowercase characters.
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314 Vector Table Automatic Generation Functions

Description

By specifying the vector number of #pragma interrupt, the vector table of functions is automatically generated.
[Format]

#pragmainterrupt (<function name>[(vect=<vector number>)])

Example

To specify avector number to create a vector table.

(C/C++ program)

(CPU=2600a)

#pragma entry f1(vect=0) ~ Allocating the entry function f1 to the vector number 0.

void f1(){ I

#pragma interrupt (f2(vect=4)) — Allocating the interrupt function 2 to the vector number 4.
voi d f2(voed){

}

#pragma indirect (f3(vect=5)) |
unsi gned char f3(voed){ ~ Allocating the indirectmemory access function f3 to the
} vector number 5.

(memory map contents)

$VECTO 00000000 00000003
$VECT4 00000010 00000013
$VECT5 00000014 00000017

Remarks and notes

(i) The vector table specification "vect=" should always be specified in lowercase characters.
(i) Be careful not duplicate an allocating vector number with other vector tables.
(iii)Vector Table automatic generation functions is supported by C/C++ Compiler Version 4.0 or later.
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3.2 Built-in Functions

CPU ingtructions that are not supported in the C/C++ language specifications, such as the setting of the condition code
register, are supported as expansion built-in functions.

When using a built-in function, be sure to declare the system include file machine.h.

CCR according to the result

Referenced
No. Item Function Section
1 Condition code register (CCR)  Sets an interrupt mask 3.2.1
2 References an interrupt mask
3 Sets the CCR
4 References the CCR
5 Logically ANDs the CCR
6 Logically ORs the CCR
7 Logically XORs the CCR
8 Extended register (EXR) Sets an interrupt mask 3.2.2
9 References an interrupt mask
10 Sets the EXR
11 References the EXR
12 Logically ANDs the EXR
13 Logically ORs the EXR
14 Logically XORs the EXR
15 Vector Base Register (VBR)* Setting VBR 3.2.3
16 Operation with overflow test Performs 1-byte addition and sets the CCR according to the 3.24
result
17 Performs 2-byte addition and sets the CCR according to the
result
18 Performs 4-byte addition and sets the CCR according to the
result
19 Performs 1-byte subtraction and sets the CCR according to
the result
20 Performs 2-byte subtraction and sets the CCR according to
the result
21 Performs 4-byte subtraction and sets the CCR according to
the result
22 Left-shifts 1-byte data and sets the CCR according to the
result
23 Left-shifts 2-byte data and sets the CCR according to the
result
24 Left-shifts 4-byte data and sets the CCR according to the
result
25 Performs the sign conversion of 1-byte data and sets the
CCR according to the result
26 Performs the sign conversion of 2-byte data and sets the
CCR according to the result
27 Performs the sign conversion of 4-byte data and sets the
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Referenced
No. Item Function Section
28 Transfer instructions MOVFPE instruction 3.25
29 MOVTPE instruction
30 Arithmetic instructions Decimal addition 3.2.6
31 Decimal subtraction
32 TAS instruction
33 MAC instruction
34 64-bit multiplication*
35 Shift instruction Rotates 1-byte data to the left 3.2.7
36 Rotates 2-byte data to the left
37 Rotates 4-byte data to the left
38 Rotates 1-byte data to the right
39 Rotates 2-byte data to the right
40 Rotates 4-byte data to the right
41 System control instructions TRAPA instruction 3.2.8
42 SLEEP instruction
43 Block transfer instruction EEPMOV instruction 3.2.9
EEPMOV instruction (Interrupt Request)
44 Block transfer instruction MOVMD instruction 3.2.10
(for H8SX) MOVSD instruction
45 NOP instruction NOP instruction
Note: Can be used only in the case of H8SX.

321 Setting and Referencing the Condition Code Register (CCR)

Description

For setting and referencing the condition code register, the compiler provides the functions listed in the table below:

No. Item Format Description
1 Setting an interrupt mask  void set_imask_ccr(unsigned Sets a mask value (0 or 1) to the interrupt
char mask) mask bit of the CCR.
2 Referencing an interrupt unsigned char References the value (0 or 1) of interrupt mask

mask get_imask_ccr(void)

bit (1) of the CCR.

Setting the CCR

void set_ccr(unsigned char ccr)

Sets the value of ccr (8 bits) to the CCR.

Referencing the CCR

unsigned char get_ccr(void)

References the value of the CCR.

ANDing the CCRs

void and_ccr(unsigned char ccr)

Logically ANDs the CCR and ccr; and stores
the result in the CCR.

6 ORing the CCRs

void or_ccr(unsigned char ccr)

Logically ORs the CCR and ccr; and stores the
result in the CCR.

7 XORing the CCRs

void xor_ccr(unsigned char ccr)

Logically XORs the CCR and ccr; and stores
the result in the CCR.

RENESAS
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Example

To operate the condition code register, and then, reset it to the condition existed before the CCR was operated:

(C/C++ program)
#i ncl ude <machi ne. h> ~ The include file for built-in functions
voi d mai n(voi d)
{
unsi gned char mask;
if (mask=get _i mask_ccr()){ /* Saves the value of the interrupt mask */
set _imask_ccr(1); /* Specifies the beginning of exception */

and_ccr ((unsi gned char)OxFC) ; /* Stores the AND of CCR and OxFC. in CCR */

set _i mask_ccr (mask) ; /* Returns the value of the interrupt mask */

(Compiled assembly-language expansion code)

_main: STC. B CCR, ROL
AND. B #-128: 8, ROL
ROTL. B ROL
BEQ L48: 8
ORC. B #-128: 8, CCR
ANDC. B #-4:8, CCR
L48: STC. B CCR, ROH
BLD. B #0, ROL
BST. B #7, ROH
LDC. B ROH, CCR
RTS
. END

Remarksand notes
The CCRisan 8-hit register that indicates the internal state of the CPU.

<Condition code register>

| ul H U N Z \% C

I: Interrupt mask bit

Ul: User bit/interrupt master bit
H: Half carry flag
U: User bit

N: Negative flag
Z: Zeroflag

V: Overflow flag
C: Carry flag
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322

Setting and Referencing an Extended Register

Description

For setting and referencing an extended register, the compiler provides the following functions:

No. Item Format Description

1 Setting an interrupt  void set_imask_exr(unsigned Sets a mask value (0 to 7) to the interrupt mask bits
mask char mask) (12 to 10) of the EXR.

2 Referencing an unsigned char References the value (0 to 7) of the interrupt mask
interrupt mask get_imask_exr(void) bits (12 to 10) of the EXR.
Setting the EXR voir set_exr(unsigned char exr) Sets the value of exr (8 bits) in the EXR.

4 Referencing the unsigned char get_exr(void) References the value of the EXR.
EXR

5 Taking the AND of void and_exr(unsigned char exr)  Logically ANDs the EXR and exr; and stores the
EXRs result in the EXR.

6 Taking the OR of void or_exr(unsigned char exr) Logically ORs the EXR and exr; and stores the
EXRs result in the EXR.

7 Taking the XOR of void xor_exr(unsigned char exr)  Logically XORs the EXR and exr; and stores the
EXRs result in the EXR.

Example

To change the status of the EXR with keeping the value of the EXR interrupt mask bits unchanged:

(C/C++ program)

#i ncl ude <machi ne. h>
extern unsigned char e;

voi d main()
unsi gned char mask;

i f (mask=get _i mask_exr()){
set _exr((unsi gned char)0x05);
xor _exr ((unsi gned char) Oxff);
e=get _exr();

}

set _i mask_exr (mask) ;

}

~ Saves the interrupt mask bits.

~Sets a value in EXR, logically XORs, and
sets the result in external variable e.

~ Restores the interrupt mask bits.

(Compiled assembly-language expansion code)

_main:
STC. B EXR, R1L
AND. B #7: 8, R1L
BEQ L49: 8
MOV. B #5: 8, ROL
LDC. B ROL, EXR
XORC. B #-1: 8, EXR
STC. B EXR, ROL
MOV. B ROL, @e: 32
L49:
AND. B #7: 8, R1L
STC. B EXR, R1H
AND. B #-8:8, R1H
OR B R1L, R1H
LDC. B R1H, EXR
RTS
. END

RENESAS
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Remarks and notes

The built-in functions for setting and referencing extended registers are valid only when the CPU/operating mode is
2600n, 2600a, 2000n, or 2000a.

<Extended register>

T - - - - 12 11 10

(T) Trace bit
(12 to 10) Interrupt mask bits
323 Setting Vector Base Register
Description
H8SX has the function that can allocate the vector area for exception handling at any address.
In H8/300,H8/300H,H8S families, the vector areafor exception handling is fixed from zero.

When CPU is H8SX, users can modify the allocation address of the vector area for exception handling by specifying
Vector Base Register (VBR).

For setting Vector Base Register, the compiler provides the following functions:

No. Item Format Description
1 Setting VBR void set_vbr(void* vbr) Sets the value of vbr (32 bits) to VBR.
Example

To set the value of Vector Base Register (VBR):

(C/C++ program)

«~ Include File for Built-in Functions

#i ncl ude <machi ne. h>
voi d mai n(voi d)

{

set _i mask_ccr(1); /* Set interrupt mask bit */
set _vbr ((voi d*) 0x20000) ; /* Set 0x20000 to VBR */
set _i mask_ccr(0); /* Clear interrupt mask bit */

}

(Compiled assembly-language expansion code)

_main:
ORC. B #H 80: 8, CCR
SUB. L ERO, ERO
MOV. W #2: 3, EO
LDC. L ERO, VBR
ANDC. B #H 7F: 8, CCR
RTS
. END
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Remarks and notes

(1) The built-in functions for setting Vector Base Register are valid only when the CPU/operating mode is HBSXN,
H8SXM, H8SXA, or H8SXX..

(2) When the CPU/operating mode is H8SXN, the lower 16 bits of the specified value for Vector Base Register are valid.
(3) For details about Switching Vector Table Address, refer to section 3.8.3, Switching Vector Table Address.

(4) Switching Vector Base Register (VBR) should be done in the interrupt mask state. Not in the interrupt mask state,
when interrupt process occurs during switching Vector Base Register (VBR), the correct processing of the exception
handling can not be guaranteed.

324

Description

Opration with Overflow (V Flag) Test

The following built-in functions are available for performing the operation with the overflow (V-flag) test:

(CC: condition code)

No. Item Format Description

1 1-byte addition and int ovfaddc(char dst,char Adds dst and src, each 1-byte long; stores the result in
CCR setting src,char *rst) area indicated by rst if rstz0.

2 2-byte addition and  int ovfaddw(int dst,int Adds dst and src, each 2-byte long; stores the result in
CCR setting src,int *rst) area indicated by rst if rstz0.

3 4-byte addition and  int ovfaddl(long dst,long Adds dst and src, each 4-byte long; stores the result in
CCR setting src,long *rst) area indicated by rst if rstz0.

4 1-byte subtraction int ovfsubc(char dst,char Subtracts src from dst, each 1-byte long; stores the result
and CCR setting src,char *rst) in area indicated by rst if rst20.

5 2-byte subtraction int ovfsubw(int dst,int Subtracts src from dst, each 2-byte long; stores the result
and CCR setting src,int *rst) in area indicated by rst if rstz0.

6 4-byte subtraction int ovfsubl(long dst,long Subtracts src from dst, each 4-byte long; stores the result
and CCR setting src,long *rst) in area indicated by rst if rstz0.

7 1-byte left-shift and  int ovfshalc(char dst, char  Arithmetically shifts left the 1-byte data dst by 1 bit; stores
CCR setting *rst) the result in area indicated by rst if rstz0.

8 2-byte left-shiftand  int ovfshalw(int dst, int Arithmetically shifts left the 2-byte data dst by 1 bit; stores
CCR setting *rst) the result in area indicated by rst if rstz0.

9 4-pbyte left-shiftand  int ovfshall(long dst, long Arithmetically shifts left the 4-byte data dst by 1 bit; stores
CCR setting *rst) the result in area indicated by rst if rstz0.

10 1-byte sign- int ovfnegc(char dst, char  Obtains the 2's complement of 1-byte data dst; stores the
conversion and *rst) result in the area indicated by rst if rstz0.
CCR setting

11 2-byte sign- int ovfnegw(int dst, int Obtains the 2's complement of 2-byte data dst; stores the
conversion and *rst) result in the area indicated by rst if rstz0.
CCR setting

12 4-byte sign- int ovfnegl(long dst, long Obtains the 2's complement of 4-byte data dst; stores the
conversion and *rst) result in the area indicated by rst if rstz0.
CCR setting
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Example
To test to see whether the result of an addition has overflowed; perform the appropriate processing.

(C/C++ program)

#i ncl ude <machi ne. h>
extern int dst, src;

void f()
' (S\SII 32?\/\( dst,sre, 0)) ~ Checks whether addition between dst
el se and src generates an overflow.
dst--;
: |
(Compiled assembly-language expansion code)
_f:
PUSH. L ER6
MOV. L #_dst: 32, ER6
MOV. W @R6, RO
MOV. W @src:32,R1
ADD. W RL, RO
BvVC L48: 8
MOV. W @R6, RO
I NC. W #1, RO
BRA L50: 8
L48:
MOV. W @R6, RO
DEC. W #1, RO
L50:
MOV. W RO, @ER6
POP. L ER6
RTS
. END

Remarks and notes

Condition code operation functions can be specified only in expressions that test the conditionsin an if, do, while, or for
statement.

3.25 Transfer Instructions
Description

The following functions are available to enhance the system control transfer instructions:

No. Item Format Description

1 MOVFPE void movfpe(char *addr,char data) Expands into the MOVFPE instruction that transfers
instruction char _movfpe(char *addr) ** data in synchronous with the E clock.

2 MOVTPE void movtpe(char data ,char *addr) Expands into the MOVTPE instruction that transfers
instruction data in synchronous with the E clock.

Note: 1. valid only with H8SX
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Example

(8 MOVFPE instruction

To load data from the memory address specified by a 16-bit absolute address synchronously with the E clock:_movfpeis

the same as function as movfpe, except that it returns Destination data as its function value.

(C/C++ program)

#i ncl ude <machi ne. h>

extern unsigned char data;

#define P1DR (*(unsigned char *)O0xO00FFFF60)

void f()

~ Executes the MOVFPE instruction.

novf pe( (char*) &P1DR, dat a) ;

(Compiled assembly-language expansion code)

f:

MOVFPE. B @6777056: 16, ROL
MOV. B ROL, @dat a: 32
RTS

. END

(C/C++ program)

#i ncl ude <machi ne. h>

extern unsigned char data;

#define P1DR (*(unsigned char *)OxO00FFFF60)

void f()
{

data = novfpe((char*)&P1DR);

~ Executes the MOVFPE instruction.

(Compiled assembly-language expansion code)

MOVFPE. B @6777056: 16, ROL
MOV. B ROL, @ dat a: 32
RTS

. END

RENESAS

Rev.3.00 2005.09.12 3-13
REJO05B0464-0300



Section 3 Compiler

(b) MOVTPE instruction

To store data to the memory area specified by a 16-bit absolute address synchronoudly with the E clock:

(C/C++ program)

void f()
{

novt pe(dat a, (char*) &P1DR);

#i ncl ude <machi ne. h>
extern unsigned char data;
#define P1DR (*(unsigned char*)0x00FFFF60)

~ Executes the MOVTPE instruction.

(Compiled assembly-language expansion code)

f:

MOV. B @ dat a: 32, ROL
MOVTPE. B ROL, @6777056: 16
RTS

. END

3.2.6

Description

Arithmetic Operation Instructions

The following functions are available to enhance arithmetic operation instructions:

No. Item Format Description
1 Decimal void dadd(unsiged char size, Performs decimal addition between size-byte data
addition char*ptrl, char*ptr2, char*rst) starting from ptrl and size-byte data starting from prt2;
and stores the result to the size-byte area starting from
rst.
2 Decimal void dsub(unsiged char size, Performs decimal subtraction between size-byte data
subtraction char*ptrl, char*ptr2, char*rst) starting from ptrl and size-byte data starting from prt2;
and stores the result to the size-byte area starting from
rst.
3 TAS void tas(char*addr) Expands into the test-and-set instruction TAS.
instruction
4 MAC long mac(long val, int*ptrd,int Expands into the multiply-accumulate instruction MAC.
instruction *ptr2, unsigned long count)
long macl(long val, int*ptrl,
int*ptr2, unsigned long count,
unsigned long mask)
5 64-bit long mulsu(long vall,long val2) Expands into MULS/U,MULU/U

multiplication**

unsigned long muluu(unsigned
long vall,unsigned long val2)

Note:

1. valid only with H8SX
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Example
(1) Decimal operation

To add decimally the 6-digit 4-bit BCD data (3 bytes) starting from the address specified by ptrl to the 4-bit BCD data
starting from the address specified by ptr2 and store the result in a 3-byte area starting from the address specified by rst:

(C/C++ program)

#i ncl ude <machi ne. h>
char ptr1[3]={0,1, 2}
char ptr2[3]={2,1,0};
char rst[3]

void f()

dadd((char)3,ptrl,ptr2,rst); ~ Outputs DAA instruction.

(Compiled assembly-language expansion code)

f: STM L (ER4- ERB) , @ SP
MOV. L # ptri1+2:32, ERO
MOV. L # ptr2+2:32, ERL
MOV. L # rst+3:32, ERS
MOV. B #3: 8, R6L
ANDC. B #-34: 8, CCR

L49: MOV. B @R0, RAL
MOV. B @RI, R4H
ADDX. B R4H, RAL
DAA. B RAL
MOV. B RAL, @ ERS
DEC. L #1, ERO
DEC. L #1, ERL
DEC. B R6L
BNE L49: 8
LDM L @P+, ( ER4- ERS)
RTS

Remarksand notes

The first parameter for the functions dadd and dsub is a constant 1 to 255.

(2) TASinstruction

To set the MSB (bit 7) of the memory contentsto “1” after testing the memory contents (by comparing with 0):

(C/C++ program)

extern unsigned char data

#define ADR (*(vol atile unsigned char *)0x00fff000)
#i ncl ude <machi ne. h>

voi d main()

* .
tas((char) &ADR); ~ Compares memory contents with 0; sets the result in

if (data=get_ccr()) CCR.
and_ccr(data); ,

el se
or_ccr(data); ~ Stores either AND or OR to the CCR depending on

} memory contents.
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(Compiled assembly-language expansion code)

_main: M. L #16773120: 32, ERO
TAS @ERO
MOV. L #_dat a: 32, ERL
STC. B CCR, ROL
MOV. B ROL, @R1
BEQ L47:8
MOV. B @ER1, R1L
STC. B CCR, R1H
AND. B R1L, R1H
LDC. B R1H, CCR
RTS
L47: MOV. B @R1, RIL
STC. B CCR, R1H
OR B RI1L, R1H
LDC. B R1H, CCR
RTS
. END

Remarksand notes
The function tasis valid only when the CPU operating mode is 2600a, 2600n, 20003, or 2000n.
(3) MAC instruction

The H8S5/2600 microcomputer contains the multiply-accumulate register (MAC),which is a 64-bit register that stores the
results of multiply-accumulate operations. The following diagram shows how this register is organized.

63 41 32

(Code expansion) MAC

MAC

MAC

31 0

The MAC instruction performs a multiplication between memory data items and adds the result to the MAC register.
Using thisregister, 16 x 16 bits + 32 bits = 32 bits multiply-accumulate operations can be performed.

The following interpretations are made in the example given below:
<Function mac>

Assigns the value 100 to the MAC register asan initial value. Multiplies the 2-byte data items indicated by ptrl and ptr2
on asigned basis, adds the resulting 4-byte data to the MAC register, and increments both ptrl and ptr2 by 2. Repeats this
operation four times, and at the end returns the contents of the MAC register.

<Function macl >
Performs a multiply-accumul ate operation with ~4 because the function uses the data at ptr2 for ring-buffering.

Because the function uses ptr2& mask as an address, ptr2 must be assigned to an address that is an integral multiple of 8.

Rev.3.00 2005.09.12 3-16
REJO5B0464-0300
RENESAS



Section 3 Compiler

(C/C++ program)

#i ncl ude <machi ne. h>

int ptr1[10]={0,1,2,3,4,5,6,7,8,9};

int ptr2[10]={9,8,7,6,5,4,3,2,1,0};

int ptr3[2]={9,8};

long I'1,12;

voi d func()

| 1=rac( 100, ptrl, ptr2,4);
/* 11=100+0* 9+1*8+2*7+3*6 */ .
| 2=nacl (100, ptri, ptr3, 4, ~4); ~ a multiply-accumulate
/* 12=100+0* 9+1*8+2*9+3*8 */ operation
}
T
(Compiled assembly-language expansion code)

_func:  PUSH L ER2
MOV. L #100: 32, ERO
CLRVAC
LDVAC. L ERO, MACL
MOV. L #_ptr2:32, ERO
MOV. L # ptri:32, ERL
MAC @ER1+, @ERO+
MAC @ER1+, @ERO+
MAC @ER1+, @ERO+
MAC @ER1+, @ERO+
STVAC. L MACL, ERO
MOV. L ERO, @I 1: 32
MOV. L #100: 32, ERO
CLRVAC
LDVAC. L ERO, MVACL
MOV. L # ptr3:32, ERO
MOV. L #_ptrl: 32, ERL
MOV. L #-5: 32, ER2
MAC @ER1+, @ERO+
AND. L ER2, ERO
MAC @ER1+, @ERO+
AND. L ER2, ERO
MAC @ER1+, @ERO+
AND. L ER2, ERO
MAC @ER1+, @ERO+
AND. L ER2, ERO
STVAC. L MACL, ERO
MOV. L ERO, @1 2: 32
POP. L ER2
RTS

Remarksand notes
The functions mac and macl can be used only when the CPU operating mode is specified as 2600a, 2600n, or H8SX.
(49) MULS/U,MULU/U instruction

mulsu/muluu is expanded to the MUL S/U or MULU/U instruction, which performs 32-bit x 32-hit = 64-bit
multiplication.

32-bit parameters (vall and val2) for thisintrinsic function are multiplied and the upper 32 bits are returned as the
operation result.
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(C/C++ program)

#i ncl ude <machi ne. h>

I ong sval 1, sval 2, sans;

unsi gned | ong uval 1, uval 2, uans;
void f(void)

{

sans = nul su(sval 1, sval 2); — Upper 32 bits of Signed 32-bit multiplication
I

uans = nul uu(uval 1, uval 2); ~ Upper 32 bits of Unsigned 32-bit multiplication
}
|

(Compiled assembly-language expansion code)

f:
PUSH. L ER2
MOV. L @val 1: 32, ERL
MOV. L @val 2: 32, ER2
MULS/ U. L ER2, ERL
MOV. L ER1, @ans: 32
MOV. L @val 1: 32, ERL
MOV. L @val 2: 32, ER2
MULU U. L ER2, ERL
MOV. L ER1, @ans: 32
RTS/ L ER2

Remarks and notes

This function mulsu/muluu is only valid when the CPU is H8SX with H8SX*:{M | MD}.

327 Shift Instructions
Description

The following built-in functions are available to enhance the rotate instructions:

No. Item Format Description

1 Rotate 1-byte data char rotlc(int count,char data) Rotates 1-byte data to the left by count bits; returns the
to the left result.

2 Rotate 2-byte data int rotlw(int count,int data) Rotates 2-byte data to the left by count bits; returns the
to the left result.

3 Rotate 4-byte data long rotli(int count,long data) Rotates 4-byte data to the left by count bits; returns the
to the left result.

4 Rotate 1-byte data char rotrc(int count,char data) Rotates 1-byte data to the right by count bits; returns
to the right the result.

5 Rotate 2-byte data int rotrw(int count,int data) Rotates 2-byte data to the right by count bits; returns
to the right the result.

6 Rotate 4-byte data long rotrl(int count,long data) Rotates 4-byte data to the right by count bits; returns
to the right the result.
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Example
To rotate bits of data.

(C/C++ program)

#i ncl ude <machi ne. h>
extern unsigned char data
char i;

voi d func()

i=rotlc(2,data); — Rotates left by 2 bits.
} |

(Compiled assembly-language expansion code)

_func:
MOV. B @ dat a: 32, ROL
ROTL. B #2, ROL
MOV. B ROL, @i : 32
RTS

. SECTI ON B, DATA, ALl G\=2

.RES. B 1

3.28 System Control Instructions
Description

The following functions are available to enhance system control instructions:

No. Item Format Description

1 TRAPA instruction void trapa(unsigned int Expands into unconditional trap TRAPA #trap_no.
trap_no)

2 SLEEP instruction void sleep(void) Expands into the low-power-consumption mode

instruction SLEEP.

Example
(1) TRAPA instruction

To branch to the address indicated by the content of the vector address that is associated with a specified vector table
number O:

(C/C++ program)

#i ncl ude <machi ne. h>

#define dummy (void*)0

extern void f1(void);

extern void f2(void);

extern void f3(void);

void (*const vect_table[])(void)={
f1,dummy,f2,f3

b

voi d func()

trapa(0); — Trap instruction to function f1 Note: In this case, the vector table
should be assigned to an interrupt
l vector address.

Rev.3.00 2005.09.12 3-19
REJ05B0464-0300
RENESAS



Section 3 Compiler

(Compiled assembly-language expansion code)

_func:
TRAPA
RTS
. SECTI ON
_vect _table
. DATA. L
. DATA. L
. DATA. L
. END

#0
C, DATA, ALI GN=2
fl

H 00000000
f2, {3

Remarks and notes

(i) Only aconstant 0 to 3 can be assigned to the parameter of the function trapa.
(i) Thisfunction is valid only when the CPU operating mode is specified as other than 300.

(2) SLEEP instruction

Issues the SLEEP instruction to place the CPU in the low power consumption mode.

The low power consumption mode maintains the current CPU status, suspends the execution of any instructions after the
SLEEP instruction, and waits until an interrupt request is generated. Upon an interrupt request, the CPU exits the low

power consumption.

(C/C++ program)

#i ncl ude <machi ne. h>
extern int a
voi d func()

whi l e(a);
sl eep();

~Issues SLEEP instruction.

(Compiled assembly-language expansion code)

_func:
MOV. W
L49
BNE
SLEEP
RTS

@a: 32, RO

L49: 8
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329

Description

Block Transfer Instruction

The following function is available to enhance the system control block transfer instruction:

No. Item Format Description
1 EEPMOV void eepmov(void*dst, const void*src, Expands into the block transfer instruction EEPMOV.
instruction unsigned char size)
void eepmov(void*dst, const void*src,
unsigned int size)
void eepmovb(void*dst, const Always expanded to EEPMOV.B.
void*src, unsigned char size) ** Size can be a variable
void eepmovw(void*dst, const Always expanded to EEPMOV.W.
void*src, unsigned int size) ** Size can be a variable
void eepmovi(void* dst, const Expanded to EEPMOV.
. A o 1
void*src, unsigned int size) * Can resume transfer after an Interrupt.
Size can be a variable.
2 EEPMOV void eepromb(void*dst, const Sets the value to ECR.
instruction void*src, unsigned char size, volatile Expanded to EEPMOV.B,EEPMOV/P.W.
(with ECR unsigned char*ecr, unsigned char ) ) ’
_ ecrval) Size can be a variable.
Setting)
void eepromw(void*dst, const
void*src, unsigned int size, volatile
unsigned char*ecr, unsigned char
ecrval)
EEPMOV void eepromb_epr(void*dst, const Sets the value to ECR, EPR.
instruction void*src, unsigned char size, volatile Expanded to EEPMOV.B,EEPMOV/P.W
(with EPR unsigned char*ecr, unsigned char ] ) '
and ECR ecrval, volatile unsigned char*epr, Size can be a variable.
Setting) unsigned char eprval)
void eepromw_epr(void*dst, const
void*src, unsigned int size, volatile
unsigned char *ecr,unsigned char
ecrval, volatile unsigned char*epr,
unsigned char eprval)
Note: 1. valid only with H8SX
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Example
(1) eepmov, eepmovb, eepmovw

To perform ablock transfer from the address indicated by the second parameter to the address indicated by the first
parametersin bytes indicated by the third parameter.

(C/C++ program)

#i ncl ude <machi ne. h>
struct STR{

char a[ 300];
}ST1;
struct STR ST2={0};
void f()

eepnov( (char*) &ST1, (char *) &ST2, 255) ; ~ Executes the EEPMOV instruction.

(Compiled assembly-language expansion code)

f:
STM L ( ER4- ER6) , @ SP
MOV. L # ST2: 32, ER5
MOV. B #-1: 8, R4L
MOV. L # ST1: 32, ER6
EEPMOV. B
LDM L @P+, ( ER4- ERB)
RTS

Remarks and notes

(i) When the CPU operating mode is 300, the maximum size of data that can be block-transferred is 255 bytes.

(ii) When the CPU operating mode is other than 300, the maximum size of data that can be block-transferred is 65535
bytes. When the data size is 256 to 65535 bytes, the instruction is expanded into EEPMOV.W, which may be subject
to an NMI interrupt.

For details on this interrupt, refer to the applicable product programming manual .

(2) eepmovi

To perform ablock transfer from the address indicated by the second parameter to the address indicated by the first
parametersin bytes indicated by the third parameter.

Thisfunction is expanded so that the EEPM OV instruction can resume transfer after returning from an interrupt.

(C/C++ program)

#i ncl ude <machi ne. h>
struct STR{

char a[ 300];
} ST1,
struct STR ST2={0};
void f()

eepnovi ((char*) &ST1, (char*) &ST2, 256) ; ~ Executes the EEPMOV instruction.
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(Compiled assembly-language expansion code)

f:

STM L (ER4- ERG), @ SP
MOV. L # ST1, ER6
MOV. L # ST2, ER5
MOV. W #256: 16, R4

L28:
EEPMOV. W
MOV. W R4, R4
BNE L28: 8 ~ Executes, until rest of transfer size is zero.
RTS/ L ( ER4- ERS6) |

Remarksand notes
This function eepmovi is valid only when the CPU is H8SX.

(3) eepromb,eepromw

To perform ablock transfer from the address indicated by the second parameter to the address indicated by the first
parametersin bytes indicated by the third parameter.

The eepromb intrinsic function transfers amemory block with the EEPMOV .B instruction, and eepromw with the
EEPMOV/P.W instruction respectively.

Theseintrinsic functions set the first, second and third parameters to the registers, set ecrval to the address pointed by ecr,
and then transfer the memory block.

If transfer compl etes successfully, 0 isreturned. If transfer fails, the remaining size of the memory block left is returned.

The size of egpromb can take 0 to 255, and size of eepromw can take 0 to 65535. However, if sizeis0, no transfer
occurs.

(C/C++ program)

#i ncl ude <machi ne. h>

#define ecr_ptr ((volatile unsigned char *)(0x123456))
char a[10], b[10];

unsi gned char x;

voi d f(void)

x = eepromM b, a, 10, ecr_ptr, 1); ~ Executes the EEPMOV/P.W instruction.

(Compiled assembly-language expansion code)

f:
STM L (ER4- ERG) , @ SP
MOV. L # b, ER6
MOV. L # _a, ER5
MOV. W #H O00A: 16, R4
MOV. B #1: 4, @1 00123456: 32
EEPMOV/ P. W
MOV. B R4L, @ x: 32
RTS/ L ( ER4- ERS6)

Rev.3.00 2005.09.12 3-23
REJ05B0464-0300
RENESAS



Section 3 Compiler

Remarks and notes

(i) Thisintrinsic function isvalid when the CPU typeis AE5, or when H8SX and the -eeprom option is specified.
(i) Refer to the hardware manual for the details of ECR, EPR and other related issues.

(4) eepromb_epr,eepromw_epr

To perform ablock transfer from the address indicated by the second parameter to the address indicated by the first
parametersin bytes indicated by the third parameter.

The eepromb_epr intrinsic function transfers a memory block with the EEPMQOV .B instruction, and eepromw_epr with
the EEPMOV/P.W instruction respectively.

Theseintrinsic functions set the first, second and third parameters to the registers, set eprval to the address pointed by epr,
set ecrval to the address pointed by ecr, and then transfer the memory block.

If transfer completes successfully, 0 isreturned. If transfer fails, the remaining size of the memory block left is returned.

The size of eepromb_epr can take 0 to 255, and size of eepromw_epr can take 0 to 65535. However, if sizeis0, no
transfer occurs.

(C/C++ program)

#i ncl ude <machi ne. h>

#define ecr_ptr ((volatile unsigned char *)(0x123456))
#define epr_ptr ((volatile unsigned char *)(0x123457))
char a[10], b[10];

unsi gned char x;

voi d f(void) — Executes the EEPMOV/P.W instruction.
{

X = eepromw_epr(b, a, 10, ecr_ptr, 1, epr_ptr, 1);

}

(Compiled assembly-language expansion code)

f:
STM L ( ER4- ER6) , @ SP
MOV. L # b, ER6
MOV. L # a, ERS
MoV, W #H 000A: 16, R4
MOV. B #1: 4, @ 00123457: 32
MOV. B #1: 4, @ 00123456: 32
EEPMOV/ P. W
MOV. B R4AL, @ x: 32
RTS/ L ( ER4- ERG)

Remarks and notes

(i) Thisintrinsic function isvalid when the CPU typeis AE5, or when H8SX and the -eeprom option is specified.
(i) Refer to the hardware manual for the details of ECR, EPR and other related issues.
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3.2.10 Block Transfer Instructions of H8SX

Description

The following function is available to enhance the block transfer instruction of H8SX.

No. Item Format Description
1 MOVMD void movmdb(void*dst, const Expands into MOVMD instruction.
instruction void*src, unsigned int count)
void movmdw(int*dst, const
int*src, unsigned int count)
void movmdl(long*dst, const
long*src, unsigned int count)
2 MOVSD unsigned int movsd(char*dst, Expands into MOVSD instruction.
instruction const char*src, unsigned
int size)
Example

(1) movmdb, movmdw, movmd|

The MOVMD.B, MOVMD.W or MOVMD.L instruction transfers a memory block of 1, 2, or 4 bytes, respectively, the
number of times specified by count from the address specified by src to the address specified by dst.

In the following example, 100 bytes transfer, movmdb transfers 1 byte each 100 times, movmdw transfers 2 byte each 50

times, movmdl transfers 4 byte each 25 times

(C/C++ program)

#i ncl ude <machi ne. h>
char s1[100], di[100];
int s2[50], d2[50];

| ong s4[25], d4[25];
void f(void)

{

novndb(dl, s1, 100);
movimdw( d2, s2, 50);
novndl (d4, s4, 25);

~ Executes the MOVMD instruction.

(Compiled assembly-language expansion code)

f:
STM L (ER4- ERG) , @ SP
MOV. L # dl1, ER6
MOV. L # sl, ER5
MOV. W #100: 16, R4
MOVMD. B
MOV. L # d2, ER6
MOV. L # s2, ER5
MOV. W #50: 16, R4
MOVMVD. W
MOV. L # d4, ER6
MOV. L # s4, ER5
MOV. W #25: 16, R4
MOVMD. L
RTS/ L ( ER4- ERS6)
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Remarks and notes

(i) hisfunctionisvalid only when the CPU is H8SX.
(ii) count takes the value from zero to 65535. If count is zero, however, it isinterpreted as 65536.

(2) movsd

Transfers amemory block using the block transfer instruction MOV SD from the address specified by src to the address
specified by dst either until a byte whose value is zero (H'00) has been transferred or until the transferred size has reached
size. The return value is the value subtracting the size of actually-transferred bytes from the size given by size.

(C/C++ program)

#i ncl ude <nachi ne. h>
const char *s = “1234";
cahr d[100];

unsi gned int remain;
voi d f(void)

{

remai n = novsd(d, s, 100); ~ Executes the MOVMD instruction
within the limit of 100 bytes.

}

(Compiled assembly-language expansion code)

f:
STM L ( ER4- ER6) , @ SP
MOV. L # d, ER6
MOV. L @s: 32, ER5
MOV. W #100: 16, R4
MOVSD. B ($+4) ~ Set the value subtracting the size
MOV. W R4, @remai n: 32 | actually transferred from the given size.
RTS/ L ( ER4- ERS6)

Remarks and notes

(i) Thisfunctionisvalid only when the CPU is H8SX.
(ii) size takes the value from zero to 65535. If sizeis zero, however, it isinterpreted as 65536.

Rev.3.00 2005.09.12 3-26
REJO5B0464-0300
RENESAS



Section 3 Compiler

3.3 Section Address Operators
Description
Section addresses can be specified with the compiler-supplied __sectop and __secend operators.

In objects output by the compiler, section addresses usually cannot be specified because the section assignment destination
isundefined. However, withthe _sectop and __secend operators, you can specify the final address of a section that will
be set in the program linked using the Inter-M odule Optimization Tool.

These two operators can be specified as follows:

[Format]
__sectop(“ <section name>")
__secend(“ <section name>")

With a section named X, the statements including the operators are expanded as follows:
__sectop(“X”) - STARTOF X

_secend(“X”) - STARTOF X+SIZEOF X

Example of section status

__sectop X

__Secendx _>........ . . .......

STARTOF and SIZEOF are asembler operators.
STARTOF determines the start address of a section set after it has been linked.

SIZEOF determines the size of a section set after it has been linked.
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Example
To copy the contents of section X to section Y:

(C/C++CJ/C++ program)

char *X_BGN,
char *X_END;
char *Y_BGN,
voi d func(void)

{
char *p, *q;

X_BG\=(char *)__sectop("X");
X_END=(char *)__secend("X");
Y_BG\=(char *)__sectop("Y");

for (p=X_BGN, q=Y_BG\; p<X_END; p++, q++)
*q = *p;
}

(Compiled assembly-language expansion code)

_func:
STM L (ER4- ER5) , @ SP
MOV. L # X_END: 32, ER4
MOV. L #STARTOF X: 32, ERO
MOV. L ERO, @ X_BGN: 32
MOV. L #STARTOF X+SlI ZEOF X: 32, ERO
MOV. L ERO, @R4
MOV. L #STARTOF Y: 32, ERO
MOV. L ERO, @ Y_BGN: 32
MOV. L @ X_BGN: 32, ERL
MOV. L ERO, ER5
BRA L12: 8

L11:
MOV. B @R1, ROL
MOV. B ROL, @R5
I NC. L #1, ER1
I NC. L #1, ER5

L12:
MOV. L @R4, ERO
CVP. L ERO, ERL
BCS L11:8
LDM L @P+, (ER4- ER5)
RTS

Remarks

If the section specified by the section address operator does not exist, the operator creates a section of size 0. The attribute
of this section is data, with a boundary alignmet of 2.
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34 C++ Language Settings

The C++ language requires the following settings in addition to the settings for the C language:

341 Setting an EC++ Class Library

In HEW1.2, the C++ language requires the linking of an EC++ classlibrary in addition to the standard library. Asin the
case of the standard library, an EC++ class library must be selected asindicated below, depending on the type of the CPU
used, the purpose of the optimization, and the number of parameter-passing registers used. EC++ class libraries that do not
match with the specification of the standard library or from the compiler options cannot be linked.

In HEW2.0 or later, the Standard Library Generator Tool should be used to create an EC++ classlibrary.

Select Category:[Standard Library] EC++ from Standard Library tab for settings.

CPU Operating Change Number of
Series: Mode: Merit of Library: Parameter ... EC++ Class Library
H8S/2600 Normal Code Size 2 ec226n.lib
Speed 2 ec226ns.lib
Code Size 3 ec226n3.lib
Speed 3 ec226ns3.lib
Advanced Code Size 2 ec226a.lib
Speed 2 ec226as.lib
Code Size 3 ec226a3.lib
Speed 3 ec226as3.lib
H8S/2000 Normal Code Size 2 ec226n.lib
Speed 2 ec226ns.lib
Code Size 3 ec226n3.lib
Speed 3 ec226ns3.lib
Advanced Code Size 2 ec226a.lib
Speed 2 ec226as.lib
Code Size 3 ec226a3.lib
Speed 3 ec226as3.lib
H8/300H Normal Code Size 2 eczhn.lib
Speed 2 ec2hns.lib
Code Size 3 ec2hn3.lib
Speed 3 ec2hns3.lib
Advanced Code Size 2 ec2ha.lib
Speed 2 ec2has.lib
Code Size 3 ec2ha3.lib
Speed 3 ec2has3.lib
H8/300 - Code Size 2 ec2reg.lib
Speed 2 ec2regs.lib
Code Size 3 ec2reg3.lib
Speed 3 ec2regs3.lib
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CPU Operating Change Number of
Series: Mode: Merit of Library: Parameter ... EC++ Class Library
H8/300L - Code Size 2 ec2reg.lib

Speed 2 ec2regs.lib

Code Size 3 ec2reg3.lib

Speed 3 ec2regs3.lib

34.2 Changing the Initialization Method
In the C++ language, the initial settings must be modified as indicated below:

The following description illustrates the modification method by using the resetprg.c file in the workspace created in
section 2.1.1, Creating a New Workspace 2 (HEW2.0):

#i ncl ude <machi ne. h>
#i ncl ude "stacksct. h" . Added

#pragma entry Power ON_Reset
extern void main(void);

#i fdef __cpluspl us

extern “C {

#endi f

extern void _I NI TSCT(void);

#i f def USES SIM O

extern void _INIT_I QLI B(voi d);
extern void _CLOSEALL(voi d)
#endi f

#i f def OTHERLI B

extern void _I NI T_OTHERLI B(voi d);
#endi f

#i f def HWSETUP

extern void HardwareSetup(void);
#endi f

#i fdef __cpl usplus

poo
#endi f

#pragma secti on Reset PRG
voi d Power ON_Reset (voi d);
voi d Power ON_Reset (voi d)
{

set _i mask_ccr(1);
_INITSCT() ;
#i f def USES SIM O
_INIT_IQLIB();
#endi f
#i f def OTHERLI B
_INIT_OTHERLI B() ;
#endi f
#i f def HWBETUP
Har dwar eSet up() ;

#endi f
_call _init();
mai n();
#i f def USES SIM O These functions are called if static data
_CLOSEALL() exists in the C++ program.
#endi f
_call _end():
sl eep();
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The _call_init function initializes the C++ initialized data area that stores the address of the constructor which is called
with respect to aglobal class object.

The _call_end function initializes the C++ post-processing data area that stores the address of the destructor which is
called with respect to aglobal class object.

Both functions are supplied in the standard library.

343 Changing a Structure Boundary Alignment
Description

Either the pack option or #pragma pack1/#pragma pack2/#pragma unpack can be used to change the boundary alignment
for astructure.

These specifications change the boundary alignment as follows:

Specification #pragma packl #pragma pack2 #pragma unpack or none
[unsigned]char 1 1 1
[unsigned]short, [unsigned]int, [unsigned]long, 1 2 pack option specified

floating-point type, pointer type

Structures, unions, and classes with a 1 1 1
boundary alignment value of 1.

Structures, unions, and classes with a 1 2 pack option specified
boundary alignment value of 2.

Changing a boundary alignment

When #pragma packl is specified, data except 1 byte can be allocated at an odd address in order not to make a space for
boundary alignment. So data size may be reduced.

(C/C++ program)
#pragna pack 1
struct S1{ struct S1{
char a; char a;
int b; int b;
char c; char c;
} }
(Data Allocation)
a space a b
b b c
c space | 2bytes
,,,,,,,,,,,,,,,,,,,,, 2 bytes
Data Size : 6 bytes Data Size : 4 bytes
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Remarks

As changing aboundary alignment may reduce data size, it is useful for such as block transfer. However, when #pragma
packl is specified, it may increases the necessary access code, which access word or long word members of structures one
byte each.

When CPU is H8SX, word access for word or long word member at an odd address does not occur an address error
because of the device specification. So these members can be accessed by word or long word instructions.

Asaresult, it does not increase the necessary access code.
When CPU is other than H8SX, members of structures must not be accessed via a pointer as the following example.

(C/C++ program)
struct S {
char x;
int vy;
}s; ~ address of s.y can be odd
int *p=&s.vy;
void test()
s.y=1; ~ accessed correctly
*p =7; I
} ~ can be accessed incorrectly
|
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35 New Expansion Functions of Compiler Ver.4.0

This section explains expansion functions that are newly added to the Compiler ver.4.0.

35.1 Vector Table Automatic Generation Functions
Description

By specifying the vector number of #pragma interrupt, #pragma inderect, and #pragma entry, the vector table of functions
isautomatically generated.

[Format]

#pragmainterrupt (<function name>[(vect=<vector number>)])
#pragmainderect (<function name>[(vect=<vector number>)])
#pragma entry <function name>[(vect=<vector number>)]
Example

To specify avector number to create a vector table.

(C/C++ program)

(CPU=2600a)

#pragma entry f1(vect=0) « Allocating the entry function f1 to the vector number 0.
void f1(){ I

#pragnma interrupt (f2(vect=4)) ~ Allocating the interrupt function f2 to the vector
void f2(void){ number 4.

#pragma indirect (f3(vect=5)) I
unsi gned char f3(void){ ~ Allocating the indirect memory access function f3 to
the vector number 5.

(memory map contents)

$VECTO 00000000 00000003
$VECT4 00000010 00000013
$VECT5 00000014 00000017

Remarks and notes

(i) The vector table specification "vect=" should always be specified in lowercase characters.
(i) Be careful not duplicate an allocating vector number with other vector tables.
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352 Specifying the Number of Parameter-Passing Registers
Description
The number of parameter-passing registers can be specified for each function.

The function that is specified by regparam?2 uses ERO, ER1 (RO and R1 for H8/300), and the function that is specified
by _ regparam3 uses ERQ, ER1, ER2 (RO, R1, and R2 for H8/300).

[Format]
<type specifier> __ regparam?2 <function name>
<type specifier> __ regparam3 <function name>
Example

This function specifies to store avariable to stack or alocateit to ER2.

(C/C++ program)
void _ _ regparan? funcl(long a, int b, int ¢, long d);
void _ _ regparanB func2(long a, int b, int c, long d);
voi d mai n(voi d)
{
Sl Variabl e allocation patterns
funcl(a, b,c,d); (CPU=2600a)
: funcl
long a :ERO
: int b :EL
func2(a, b,c,d); int ¢ 'RL
: long d :stack
func2
: long a :ERO
} int b :El
int c ' R1
long d :ER2
|

Remarks and notes

(i) Thisfunction supportsonly keyword specifications.

(i) Using the compiler CPU option regparam=3, parameter-passing registers use ERO, ER1, ER2 (RO, R1, and R2 for
H8/300) for all functions.
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353 Even Byte access Specification Features

Description

This feature always allows to access in even byte (not to access in byte) for 2 or 4 bytes of scalar type of variable/constant.
[Format]

__ evenaccess <type specifier> <variable name>

<type specifier> __ evenaccess <variable name>

Example

(C/C++ program)

#define A (*(volatile unsigned short __evenaccess
*) Oxff01178)
voi d test(void)

A &= ~0x2000 ;

(Compiled assembly-language expansion code)

___evenaccessis not specified ___evenaccessis specified
_test: _test:
BCLR B #5, @5733112: 32 MOV. W  @5733112: 32, RO
RTS BCLR. B #5, ROH
MOV. W RO, @5733112: 32
RTS

Accesses in the word instruction
Remarks and notes

(i) InH8/300, the function allows to accessin 2 bytes.
(i) This function supports only keyword specifications.
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3.6 New Expansion Functions of Compiler Ver.6.0

This section explains expansion functions that are newly added to the Compiler ver.6.0.

3.6.1 Bit Field Order Specification
Description
#pragma bit_order, bit_order option can specify the order of bit field members.

Sometimes Bit Field Order Rules are different between CPUs, this function may increase the compatibility of programs
between different CPUs. When this option is omitted, Blt_order = Left is selected.

Specification Method

(1) Extended Function Format
#pragma bit_order (left | right)

(2) Option
Blt_order = {Le&ft | Right}

Example

Switches the order of bit field assignment as the following examples.

When left is specified, bit field members are assigned from the most significant bit side.
When right is specified, members are assigned from the least significant bit side.

If #pragma bit_order is specified without |eft or right specifiler, the interpretation of the bit_order option is effective below
theline.

(C/C++ program)
assigned from the most significant bit assigned from the least significant bit
#pragma bit_order left #pragma bit_order right
struct { struct {
unsi gned char a: 2; unsi gned char a: 2;
unsi gned char b: 3; unsi gned char b: 3;
}x; }x;
voi d func(void) voi d func(void)
{ {
X.a = 3; X.a = 3;
X.b = 5; X.b = 5;
} }
(Assigned Data Order) :
7 6 543 210 7 6 543 210
x.a x.b space space x.b X.a
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3.7 New Expansion Functions of Compiler Ver.6.1

This section explains options and expansion functions that are newly added to the Compiler Ver.6.1.

371 legacy=v4

Description

When specified this option, the C/C++ Compiler ver.6.1 outputs objects which are optimized by the same way as Ver.4.0.
Thisisuseful for the process depending on timing, because the objects don’t differ from Ver.4.0.

When NOT specified this option, the objects which are more strongly optimized than Ver.4.0.

Specification Method

Command line: legacy = v4

Notes and Remarks

Thisoption isvalid, when CPU type is 2600A,2600N,2000A or 2000N.

When legacy=v4 is specified, the following options are NOT available.

opt_range, del_vacant_loop, max_unrall, infinite_loop, global_alloc, struct_alloc, const_var_propagate,
volatile_loop, scope, strict_and, file_inline, file_inline_path, enable register

3.7.2 cpuexpand=v6
Description

The cpuexpand option generates multiplication and division code for variables by expanding interpretation of the ANSI
standard.

So the objects which are generated by specifying the cpuexpand option may be different between the C/C++ Compiler
Ver.4.0 and Ver.6.0 or later, when CPU typeis 2600A,2600N,2000A or 2000N.

If this difference makes some undesirable results, please use cpuexpand=v6 option. The cpuexpand=v6 option doesn’'t
make any difference of objects, so ho undesirable results are made.

Specification Method
Command line: cpuexpand = [v6]

Expressionsinfluenced

(a) signed long = signedint << constant

(b) signed long = unsigned int << constant

(c) unsignedlong = signedint << constant

(d) unsignedlong = unsigned int << constant

(e) signedint =( signedint << constant) / signed int
(f) signedint = (unsigned int << constant) / signed int
(g) signed int = (unsigned int << constant) / unsigned int
(h) unsigned int =( signed int << constant) / signed int
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(i) unsignedint = (unsigned int << constant) / signed int
(j) unsigned int = (unsigned int << constant) / unsigned int

Examples of codes

Example of (unsigned signed long = unsigned signed int << constant)

-cpuexpand- legacy=v4 -cpuexpand=V6 -legacy=v4

MOV. W @i1:32,R0 MOV. B @i 1+1: 32, ROH

MOV. W #1024, EO SUB. B ROL, ROL

MJLXS. W EO, ERO SHLL. W #2, RO

MOV. L ERO, @I 1: 32 EXTU. L ERO

MOV. L ERO, @I 1: 32
Shift result is stored to unsigned long. Shift result is zero expanded, and stored to
unsigned long.

Notes and Remarks

Thisoption isvalid, when CPU type is 2600A,2600N,2000A, or 2000N, and legacy=v4 is specified.

3.7.3 Enabling Register Declarations
Description

The compiler alocates registersto variables in order, based on the analysis results in the compiler, regardless of whether
or not the registers are declared.

When the "-enable _register” option is specified, the registers are allocated first to the variables with the register
declaration.

Specification Method
-enable_register
Example of use

int g.il;
voi d func()

register long Reg_|I1 = 999;

long |2 = 126;
long |3 = 248;
switch(g_il){
case 2:
Reg_| 1++;
br eak;
case 3:
|2 += 5;
br eak;
case 4:
12 += 7;
br eak;
case 9:
13 -= 11;
br eak;
case 10:
13 -=19;
br eak;

}
printf("%, %, %d\n",Reg_|11,12,13); // Since the value of 'Reg_|I 1" is passed to printf via ERIL,
// allocating ERL to ' Reg_l 1" inproves efficiency.
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Examples of codes

Since variable Reg_|1 gives
higher priority, ER1 is alocated.

_func:

L30:

L29:

L28:

L27:

L26:

-enable_register not specified

(ER4- ER6) , @ SP
#8: 16, R7

#H 000003E7, ER5
ER6, ER6

#H 7E: 8, R6L
ER4, ER4

#H F8: 8, R4L
@9g_i1:16,R0
RO, R1

ROH, ROH

L26: 8

#2: 8, RLL
L27:8

#3: 8, RLL
L28: 8

#4: 8, RLL
L29: 8

#9: 8, RLL
L30: 8

#H OA: 8, R1L
L26: 8

#H E5: 8, R4L
L26: 8

#H ED: 8, RAL
L26: 8

#H 85: 8, R6L
L26: 8

#H 83: 8, R6L
L26: 8

#H E8: 8, R5L

#LWORD L45: 16, RO
ER6, @P

ER4, @ 4: 16, SP)
ER5, ERL
@printf:16

#8: 16, R7

@BP+, ( ER4- ERG)

-enable_register

L30:

L29:

L28

L27:

L26:

(ER4- ER6) , @ SP
#8: 16, R7
#H 000003E7, ER1
ER4, ER4

#H 7E: 8, RAL
ER6, ER6

#H F8: 8, R6L
@g_i1:16,R0
RO, R

ROH, ROH

L26: 8

#2: 8, R5L
L27:8

#3: 8, R5L
L28: 8

#4: 8, R5L
L29: 8

#9: 8, R5L
L30: 8

#H OA: 8, R5L
L26: 8

#H E5: 8, R6L
L26: 8

#H ED: 8, R6L
L26: 8

#H 85: 8, R4L
L26: 8

#H 83: 8, RAL
L26: 8

#H E8: 8, R1L

#LWORD L45: 16, RO

ER4, @GP
ER6, @ 4: 16, SP)

@printf:16
#8: 16, R7
@BP+, ( ER4- ERG)

Notes and Remarks

If aregister is not allocated, the following information message appears:

C0102 (I) Register is not allocated to "variable name" in "function name"

However, this message does not appear if an argument is not allocated to any register.

Thisoption isvalid, when CPU typeis H8SX or H8S.

RENESAS
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374 Specifying Absolute Addresses of Variables

Description

Y ou can specify the absolute addresses of variables that are referenced externally, using a preprocessor directive. The
compiler alocates the variables declared in the #pramga address directive to the corresponding absolute addresses. This
feature enables easier access viavariablesto I/O allocated to a specific address.

Format

#pragma address (<variable name> = <address value>[ ,<variable name> = <address value> ...] )

Example of use

Variable’io” is allocated to the absolute address 0x100.

C language code

#pragma address (i 0=0x100)

int io;

f()

Expanded into assembly |language code

_mai n:
MOV. L
RTS
. SECTI ON
io:
.RES. L
. END

Important I nformation

Thisoption isvalid, when CPU typeis H8SX or H8S.

#H OA: 8, @i 0: 16

$ADDRESS$B100, DATA, LOCATE=H 100

(1) You must specify "#pragma address" before the variable declaration.

(2) An error will occur if you specify a compound type member or other than avariable.

(3) An error will occur if you specify an odd address for a variable or structure whose alignment number is 2.

(4) An error will occur if you specify "#pragma address’ more than once for the same variable.

(5) An error will occur if you specify the same address for different variables or if you specify the same variable address

more than once.

(6) An error will occur if you specify the following #pragma extensions at the same time, for the same variable;

#pragma section
#pragma abs8/abs16

#pragma global_register
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3.75 Inter-file Inline Expansion
Description

The C/C++ Compiler is performed for each file. Asaresult, if afunction is called acrossfiles, inline expansion is not
applied to the function, even though the —speed=inline option, #pragma inline or keyword inline is specified in the
function for inline expansion.

When inter-file inline expansion option is specified, inline expansion can be applied to the function, even if that function is
caled acrossfiles.

If the file, which includes the function for inline expansion, is on the other directory, inline expansion can be applied to the
function by specifying the directory on which the function for inter-file inline expansion exists.

Specification Method
Inter-file Inline Expansion
Dialog menu: C/C++ Tab Category: [Optimize] [Details...][Inling][Inlinefile path]
Command line: FILe inline=<file name>[,...]
Inter-file Inline Expansion Directory Specification
Dialog menu: C/C++ Tab Category: [Source] [Show entriesfor :][Fileinline path]
Command line: file_inline_path=<path name> [,.. ]
Filesfor inter-file inline expansion are searched in the order of the [File inline path] directory and the current directory.
Examples of use
In the following example, the function func, in which keyword inline is specified, is called from other file.
For inline expansion, specify the inter-file inline expansion option at compile of the calling function test_1.c.
(C/C++ program)
ch38 —cpu=h8sxa—file inline=test_ 2.ctest 1.c

ch38 —cpu=h8sxatest 2.c

[test_1.c] [test_2.c]
voi d mai n(void); extern int sil,siZ2;
voi d func(void); voi d func(void);
int sil,si2; __inline void func(void)
voi d mai n(voi d) {
{ sil = 10;
func(); si2 = 20;
} }

Rev.3.00 2005.09.12 3-41
REJ05B0464-0300
RENESAS



Section 3 Compiler

Examples of codes

When specified the inter-file inline expansion option, codes of test_2.c are expanded in the calling function.

Not specified Specified
[test_1.c] [test_1.c]
_main: _main:
JvP @func: 24 MOV. W #H A 4, @si 1: 32
MOV. W #H 14: 8, @si 2: 32
RTS
[test_2.c] [test_2.c]
_func: _func:
MOV. W #H A4, @si 1: 32 MOV. W #H A4, @si 1: 32
MOV. W #H 14: 8, @si 2: 32 MOV. W #H 14: 8, @si 2: 32
RTS RTS

Notes and Remarks
This option isvalid only when the CPU type is H8SX or H8S (without legacy=v4 option).

(1) When this option is specified, inline expansion is only applied to the functions specified with #pragma inline or
keyword inline included in the file specified by <file name>. If the —speed=inline option is specified simultaneoudly,
inline expansion is applied to all possible functionsin thefile.

(2) If aglobal function is defined twice or more in some files specified by this option, no operation is guaranteed
(using a single function definition randomly selected for inline expansion)

(3) The extension of the file name specified by <file name> cannot be omitted.

(4) A wild card (* or ?) cannot be specified for <file name>.

(5) If afile has#pragmaasm-endasm, #pragmainline_asm or __asm, it will not be expanded.

3.7.6 Division of Optimizing Ranges

Description

When the Division of Optimizing Ranges option is specified, the compiler divides the optimizing ranges of the large-size
functions into some blocks. When the Division of Optimizing Ranges option is NOT specified, the compiler does not
divide the optimizing ranges.

When the optimizing range is expanded, the object performance is generally improved although the compilation time
becomes longer. However, if registers are insufficient, the object performance may not be improved.

Use this option at performance tuning because it affects the object performance depending on the program.
Specification Method
Dialog menu: None

Command line: SCOpe
- NOSCope
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Examples of use

In the following example, ROM size of the C program, which has 1000 variable declarations and each variable is sgt, is
shown. When noscope option is specified, ROM sizeis reduced by 6 bytes.

The following message is output, when message option* is specified and scope option is specified for Division of
Optimizing Ranges.

Note: * InHEW, C/C++ Tab Category: [Source] [Show entriesfor ;][ M essages|[Display information level
messages]|
(C/C++ program)

cpu=h8sxa

scope specified 8010 bytes
noscope specified 8004 bytes

(Message)
C0101 (I) Optimizing range divided in function "function name"
Notes and Remarks

Thisoption isvalid only when the CPU type is H8SX or H8S (without legacy=v4 option).

3.8 Featur es of H8SX

381 Address Space

Description

H8/300,H8/300H,H8S5/2000,H8S/2600 has two CPU mode at most, H8SX has the following four CPU operating mode.
Each mode is sel ected with the mode pins of the LS| or other sources.

When compile, it is selected by specifying the CPU type and the operating mode options.

Since the usable modes and areas differ depending on the product, refer to the hardware manual when specifying CPU
mode.

Normal Mode Program Area, Data Area 64 kbytes in total

CPU Operating 1 Middle Mode Program Area 16 Mbytes, Data Area 64 kbytes,
16 Mbytes in total

Mode

Advanced Mode Program Area 16 Mbytes, Data Area 4 Gbytes,
4 Gbytes in total

Maximum Mode Program Area, Data Area 4 Gbytes in total
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Address Space
Normal Mode Middle Mode Advanced Mode Maximum Mode
H'0000 H'000000 H'00000000 H'00000000
H'007FFF ~--Program
Area
Program (16 Mbytes)
Area
H'FFFF Data Area
(64kbytesy | | Data Area
(64 kbytes) Program
Area
(16 Mbytes)
H'FF8000
Program
Area,
Data Area
(4 Gbytes)
H'FFFFFF H'00FFFFFF
““““ Data Area
(4 Gbytes)
H'FFFFFFFF H'FFFFFFFF

3.8.2 Specifying 8-bit Absolute Address Space

Description

If data are allocated and accessed in 8-bit absolute address space, the objects can be small size and high speed.

When CPU is H8SX, users can modify the access range of this 8-hit absolute address space.

In the old H8 family, 8-bit absolute address space is fixed from H'FFFFOO0 to H'FFFFFF, and duplicated internal 1/O space.

In H8SX, 256 bytes area from any address specified by SBR(Short Address Base Register) is set as 8-bit absolute address
space.

Register Format

SBR (Short Address Base Register) is a 32-bit register that has the valid upper 24 bits. The lower eight bits are reserved
and read as 0s.

31 8 7 0

Reserved
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8-bit absolute address space

H'000000
User Application Program
A

H'200000 N .

User Specified 8-bit absolute User Specified Area

address space

External Space

H'FFFFO00 A 4

Default 8-bit absolute address

space

H'FFFFF

Specification Method
Dialog menu: CPU Tab, Specify SBR address

Command line; sbr = <address>

ndard Toolchain 2=
Caonfiguration : G+ | fzzambly | Link#Library | Standard Library GPU | Deb 4 | ’l
IDebug ;I
E--@ All Loaded Projects
B N =
£ G saurce file Multiple/Divide : I one _I
[ G+ source file Stack calculation : |Medium LI

[ Aszembly source fils

03 Link bol fil [~ Chanee number of parameter registers from 2idefault) to 3
+]-1 inkage aymbal file

[~ Treat double as float
[~ Pass struct parameter via register
I Pazs 4-byte parameterdreturn value via resister
[~ Use try, throw and catch of G++
[~ Enable/disable runtime information
[~ Pack struct, union and class
Specify SBR address : |0ust0m ;I | 000 AD00D =

oK I Cancel I
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Example

As SBR(Short Address Base Register) can not be accessed from C/C++ language directly, SBR should be written in
assembly instructions.

But by the compiler extended function __asm as follows, assembly-language instructions can be written in C/C++
language.

Though assembly-language instructions can be written by pragma_asm in the old version compiler, they should be
tranglated into assembly source code after compile.

The assembly program written in the __asm block can be compiled into an object file directly, so the symbols can be
referred in the source-level debugger.

For detailsabout __asm, refer to section 10.2.1(3), in the H8S,H8/300 Series C/C++ Compiler, Assembler, Optimizing
Linkage Editor User's Manual.

(C/C++ program)
__abs8 unsigned char a,b; — 8-hit absolute address by __abs8
voi d mai n(voi d)
( |
_asm{
nmov.| #0xa0000, er 0 ~ Set 0xa0000 to SBR.

Idc.l er0,sbr
) |
7,
-1; ~ Access 8-bit absolute address from 0xa0000

a
b
}

Section Allocation

As 8-bit absolute address space is declared by __abs8, $ABS8B section is output. Optimizing Linkage Editor allocates the
$ABSBB section at 0xa0000 in the above example.
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Examples of C/C++ Program
When using HEW, delete the comments of the following bold type partsin resetprg.c to make them available

When NOT using HEW, add the same expression in theinitial routine.

__entry(vect=0) void Power ON_Reset (voi d)

{
/1 Remove the comrent when you make the initial setting of SBR VBR
for H3SX
__asn{
mov. | #0xa0000, er 0
| dc. | er 0, sbr
mov. | #0x00000000, er 0
| dc. | er0, vbr
}

set _imask_ccr(1);

_INITSCT();

(8-bit absolute address space isNOT used)

(8-bit absolute address space is used)

unsi gned char c1,c2;
voi d mai n(voi d)
{

cl =7,

c2 = -1;

__abs8 unsigned char cl, c2;
voi d mai n(voi d)
{

cl =7;

c2 = -1;

Examples of assembly expansion code

Examples of H8SX advanced mode 16M

(8-bit absolute address space isNOT used)

(8-bit absolute address space is used)

_main:
MOV. B #7: 4, @cl: 32
MOV. B #255: 8, @c2: 32
RTS

Access 0xa0000 — 0xa00FF

_mai n:

MOV. B #7: 8, ROL
MOV. B ROL, @cl: 8
MOV. B #255: 8, ROL
MOV. B ROL, @c2: 8
RTS
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Object Size[byte]

H8SX
CPU type MAX ADV NML
Before Improvement 16 16 12
After Improvement 10 10 10

Execution Speed [cycle]

H8SX
CPU type MAX ADV NML
Before Improvement 12 12 11
After Improvement 11 11 11

383 Switching Vector Table Address

Description

H8SX has the function that can allocate the vector area for exception handling at any address.
In H8/300,H8/300H,H8S family, the vector area for exception handling is fixed from zero.

When CPU is H8SX, users can modify the allocation address of the vector area for exception handling by specifying
Vector Base Register (VBR).

Merit of Vector Base Register

Asthe vector areafor exception handling can be located at any address by Vector Base Register (VBR), the vector table
can be made in fast internal RAM, even though for internal ROM less chip.

This can improve the response of exception handling.
Register Format

Vector Base Register (VBR) is a 32-hit register that has the valid upper 20 bits. The lower 12 bits of thisregister are
reserved and read as 0s.

31 12 11 0

Reserved

Setting Vector Base Register by Compiler Ver.6.1
The built-in function set_vbr can set Vector Base Register in the C/C++ language.

For details, refer to section 3.2.3, Setting V ector Base Register.
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Examplein Compiler Ver.6.0

In Compiler Ver.6.0, Vector Base Register (VBR) can not be accessed from C/C++ language directly, so it should be
written in assembly instructions.

But by using the compiler extended function __asm as follows, assembly-language instructions can be written in C/C++
language.

Though assembly-language instructions can be written by #pragma asm in the old version compiler, they should be
trangdlated into assembly source code after compile.

The assembly program written in the __asm block can be compiled into an object file directly, so the symbols can be
referred in the source-level debugger.

For detailsabout __asm, refer to section 10.2.1(3), in the H8S,H8/300 Series C/C++ Compiler, Assembler, Optimizing
Linkage Editor User's Manual.

Switching Vector Base Register (VBR) should be done in the interrupt mask state.
Not in the interrupt mask state, when interrupt process occurs during switching Vector Base Register (VBR), the correct
processing of the exception handling can not be guaranteed.

(C/C++ program)

voi d mai n(voi d)

{

__asm{
orc. b #0x80, ccr
nov. | #0xffa000, er 0 ~ Set interrupt mask bit
Idc.| ero0,vbr I
andc. b #0x7F, ccr ~ Clear interrupt mask bit
RTS
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Section4 HEW

This section describes the relationship between the option screens and command options supported by the C/C++
compiler, assembler, inter-module optimizer, object converter, and librarian when using the HEW1.2 or 2.0 or later.

For details on each option, refer to the appropriate user’s manual. (For details on options supported in the inter-module
optimizer, refer to the description in the H8S,H8/300 Series C/C++ Compiler, Assembler, Optimizing Linkage Editor

User's Manual.)

Each option screen in HEW1.2 is selected by the following method.

Tool Name Selecting Method

C/C++ Compiler [Options->H8S,H8/300 C/C++ Compiler...]
Cross Assembler [Options->H8S,H8/300 Assembler...]
Inter-Module optimizer [Options->H8S,H8/300 IM Optlinker...]
Object converter [Options->H Series Stype Converter...]
Librarian [Options->H Series Librarian...]

Note: If no appropriate tool is detected in the Options menu, add a tool using the [Options->Build Phases...]

Select H8S, H8/300 Standard Toolchain... from the option menu in HEW?2.0 or later.

Select H8S, H8/300 Standard Toolchain... from the build menu in HEWA4.0 or later.

Tool Name Selecting Method

C/C++ Compiler [Options->H8S,H8/300 Standard Toolchain...->C/C++ Tab]

Cross Assembler [Options->H8S,H8/300 Standard Toolchain...->Assembly Tab]
Optimizing Linkage Editor [Options->H8S,H8/300 Standard Toolchain...->Link/Library Tab]
Standard Library Generator [Options->H8S,H8/300 Standard Toolchain...->Standard Library Tab]
CPU Option [Options->H8S,H8/300 Standard Toolchain...->CPU Tab]

RENESAS
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In addition, Help can be referenced from each option screen.

H85,H8,/300 Standard Tod

Configuration :

| SimDebug_HE5-26004 =l

El--@ All Loaded Projects

EI@ zample
+-[_1 G source file
B-(C G+ saurce file
-] Azsembly source file
#-(7 Linkage symbal file

Jed

GG+ | hssembly | Link/Library | Standard Library | GPU- | Sim_4 Iel

Category : ISDurce LI

Shom entries for :

|Inc|ude file directories LI

Include file directories

Specify the directory path name where include files are

fetched. The list of the directory paths is shown. Double

an itern to modify it.
Preinclude files

Specify an include file which will be inserted into the hea
a C/C++ source file. The list of the include file paths is
shown. Double click an iterm to modify it.

Defines

Specify definitions of macro names. The list of the definit

of macro names is shown. Double click an iterm to modify @

Messages

Specify whether allow the compiler to show information |g
messages ar not.

lick

of

If | ?] at the upper right corner is clicked and then an item to be referenced is clicked, a description similar to that shown

above appears.
Please use this help function for quick reference.
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4.1 Specifying Optionsin HEW1.2

For details on specifying optionsin HEW2.0 or later, refer to section 4.2, Specifying Optionsin HEW?2.0 or later.

411 C/C++ Compiler Options

(1) SourceTab

Show entries for :

Source |Ob_iect| List | Optimize | Other | GPU |

Ilnclude file directories LI

Preinclude files ' .
Defines

Mezzages Im=sert. |

Bemove |
== |
[Wee davr |

0]4 I Cancel

Show entriesfor:

Dialog Menu

Command Option

Function

Include file directories include Specifies the path name of the include file directory

Preinclude files preinclude Specifies file contents as a include file at the beginning of a
compilation unit

Defines define Defines the macro name

Messages message Outputs an information message
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(2) Object Tab

HE5,H3/300 C Compiler Options(Debug)

O+

source file

Source  “hject |List I Optimize I Cither I ZPU I

Qutput file type : IMachine code (kobj) LI

¥ Generate debug information

Section :

I Program section (P)

Store string data in: [

huld Div operation specification

|Based on ANSI(Guarantes 18bit as a result of 16bitk16bit) 7]

Madify... |

Cutput directary :
Id:¥hewde mo¥test] D¥test] 0¥ Debug

[ o |

Cancel |

Output filetype:

Dialog Menu

Command Option

Function

Machine code (*.obj)

code=machinecode

Outputs a machine language program

Assembly source code (*.src)

code=asmcode

Outputs an assembly language program

Preprocessed source file
(*.p/*.pp)

preprocessor

Outputs a source program after preprocessor expansion

Generate debug information

Check Box

Command Option

Function

K

debug

Outputs debugging information

L

nodebug

Outputs no debugging information

Section:

Dialog Menu

Command Option

Function

section

Changes the default section name

Storestring datain:

Dialog Menu

Command Option

Function

Const section

string=const

Outputs string literal to the constant area

Data section

string=data

Outputs string literal to the initialization data area
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Mul/Div operation specifications

Dialog Menu Command Option Function

Based on ANSI (Guarantee 16bit nocpuexpand Develops multiplication or division in codes according to the
as aresult of 16bit*16bit) ANSI C language specifications

Non ANSI (Guarantee 32bitasa cpuexpand Develops multiplication or division in codes according to the
result of 16bit*16bit) CPU instruction specifications

Output directory

Dialog Menu Command Option Function

- object Specifies object file output directory

(3) List Tab

H&%, H3/ 300 & Compiler Options(Debug)

=-E3

S+ zource file

—Contents :

[ Jobject list Enable all |
[w]Statistics Disable i |

[J&Nozation infor mation
[w]Source code listing

[ ]After preprocessor expansion

0]4 I Cancel

Generatelist file

Check Box Command Option Function
@ list Outputs object list file
D nolist Outputs no object list file

Contents. Specifies data to be output to the object filelist.

Dialog Menu Command Option Function

Object list show=object Outputs object list

Statictics shows=statictics Outputs statics information
Allocation information show=allocation Outputs symbol allocation list
Source code listing show=source Outputs source list

After preprocessor expansion show=expand Outputs list after macro expansion
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If the [Enable all] button is pressed, all dataitems are output. On the other hand, if the [Disable all] button is pressed, all
dataitems are disabled and no dataitem is output to the object list file.

(4) Optimize Tab

HE5,HS/ 300 & Compiler Options(Debug)

ERIR] C/ C++ source file Source | Object | List  Optimizz | Other | oPU |
¥ Dptimization
2 a1 s == - 72 oriented optimization
= =peed subsoptions :
I | Begister I | Switch jideement
I | Shift tor multiple I | Struct assignment
[T Loop optimization [T Expression
Maximum nedes of) inline functen |1|35 3:
[T Generate file for inter-madule aptimization
Switch statement : Function call Data access :
I.ﬂuutn LI I@aa LI I@aa LI
(8] 4 I Cancel |
Optimization
Check Box Command Option Function
@ optimize=1 Specifies optimization
D optimize=0 Specifies no optimization

Speed or size: Specifies the optimization format.

Dialog Menu

Command Option

Function

Size oriented optimization

Performs optimization in size

Speed oriented optimization

speed

Performs optimization in speed

Speed sub- Register speed=register Performs register store/restore expansion by the PUSH and
options POP instruction at a higher speed
Switch speed=switch Develops the switch statement at a higher speed
judgement

Shift to multiple

speed=shift

Develops the shift operation at a higher speed

Struct speed=struct Performs the expansion of structures and substitution

assignment expression at a higher speed

Loop speed=loop Develops the loop statement at a higher speed

optimization

Expression speed=expression Performs arithmetic operation, comparison, and substitution
expression processing at a higher speed

Maximum speed=inline Performs inline expansion automatically at a higher speed

nodeg of inline [=<data>]

function
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Generatefilefor inter-module optimization

Check Box Command Option Function

@ goptimize

Outputs inter-module optimization additional information file

] -

Outputs no inter-module optimization additional information file

Switch statement: Specifies the switch statement expansion method.

Dialog Menu Command Option

Function

Auto case=auto Determines switch statement expansion method depending
on the speed option specification

If then case=ifthen Performs switch statement expansion in if_then method

Table case=table Performs switch statement expansion in table jump method

Function call: Selects the function call method.

Dialog Menu Command Option Function
@aa - Selects normal function call
@@aa:8 indirect Selects memory indirect function call

Data access: Selects data access mode.

Dialog Menu Command Option Function

@aa - Selects normal data access

@aa:8 abs8 Selects 8-bit absolute address access

@aa:16 abs16 Selects 16-bit absolute address access
(5) Other Tab

HBS,HE/300 © Compiler Options(Debug)

SRR O+ source file

Snurcel Ob_iectl Li=t I Optimize = Dther |CF‘L| I

Miscellanecus options :

<]

D;ﬂ.llow comment nast ia
[ Check against EC++ language specification

[ IGenerate browser information

[ Interrupt handler saves restores MACH and MACL registeilll
| 3

User defined options :

-

i

o 1|

Cancel| I
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Miscellaneous options:

Dialog Menu Command Option Function

Allow comment nest comment Enables comment nesting

Check against EC++ language ecpp Checks syntax according to the EC++ language
specification specifications

Generate browser information browser Outputs browser information

Interrupt handler saves/restores MACH macsave Guarantees MAC registers

and MACL registers if used

Pack struct, union and class pack=1]2 Specifies alignment

Avoid optimizing external symbols volatile Enables or disables external variable optimization
treating them as volatile

Treat enum as char if it is in the range of byteenum Handles enumeration-type data as char

char

Increase a register for register variable

regexpansion |
noregexpansion

Specifies the number of variable-allocation
registers as 2 or 3

Put common subexpression on a cmncode Improves the optimization function for common
register temporarily expression deletion
Use EEPMOV in block copy eepmov Performs structure substitution

using the EEPMOV instruction

User defined options: Specifies the command options.

(6) CPU Tab

200 & Ca rnpil.gr- |:|F|ti|:|r|-_=_|:E:|EI:|I JE::]

s+ zource file

Source I Object I List

Operating mode : i.ﬂ\dvanced

Address space : ;16r'-'1 bryta

I Optimize I Other  CPU

[T Change number of parameter registers from 2ldefault) to 3

[ ox |

Cancel|
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CPU: Specifiesthe CPU types.

CPU Operating Mode  Address Space: Specification
Environment variable - - Depends on environment variable H38CPU
H8S/2600 Normal cpu=2600N
Advanced 1 Mbytes cpu=2600A:20
16 Mbytes cpu=2600A:24
256 Mbytes cpu=2600A:28
4 Ghytes cpu=2600A:32
H8S/2000 Normal cpu=2000N
Advanced 1 Mbytes cpu=2000A:20
16 Mbytes cpu=2000A:24
256 Mbytes cpu=2000A:28
4 Ghytes cpu=2000A:32
H8/300H Normal cpu=300HN
Advanced 1 Mbytes cpu=300HA:20
16 Mbytes cpu=300HA:24
H8/300 - - cpu=300
H8/300L - - cpu=300

Change number of parameter-passing registersfrom 2 (default) to 3

Check Box Command line Function
@ regparam=3 Specifies the number of parameter-passing registers as 3
D regparam=2 Specifies the number of parameter-passing registers as 2

RENESAS
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412 Assembler Options

(1) SourceTab

Source | Object | List | Tuning | Other | GPU |

Show entries for :

lude fil

Defines
Preprocessor variables

di

t

Im=sert... I
Bemoye |
flewe op I

flene dewr |

[ o 1|

Cancel

Show entriesfor:

Dialog Menu Command Option

Function

Include file directories include Specifies include file directory
Defines define Defines string literal replacement
Preprocessor variable* assigna Defines integer-type preprocessor variable
assignc Defines character-type preprocessor variable
Note: *

Specify using the following dialog box.

Add preproc

Symbal : I

YWalue :

{* String : i

" Integer : i

[ o 1]

Cancel
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(2) Object Tab

Ha5,HB/300 Assembler Options(Debug)

v input file Source  Dhbject I List I Tuning I COrther I CPU I

Debug information :

[ Gererate assembly source file after preprocess

[T Optimize
Default of branch displacement size : iS bit "i

[ Gererate file for inter—module optimization

Output file directory :

c¥testi¥Ftesti¥Debug Iodify... |

Debug information:

Dialog Menu Command Option Function

Default - Validates .DEBUG directive only

With debug information debug Enables debugging information output
Without debug information nodebug Disables debugging information output

Generate assembly sourcefile after preprocess

Check Box Command Option Function

@ expand Outputs preprocessor expansion results

D - Outputs no preprocessor expansion results
Optimize

Check Box Command Option Function

@ optimize Specifies optimization

D nooptimize Specifies no optimization

Default of branch displacement size:

Dialog Menu Command Option Function

8bit br_relative=8 Specifies the displacement size as 8 bits if the forward-
reference displacement is selected for the branch instruction

16bit br_relative=16 Specifies the displacement size as 16 bits if the forward-
reference displacement is selected for the branch instruction
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Generatefilefor inter-module optimization

Check Box Command Option

Function

K

goptimize

Outputs inter-module optimization information

[

Outputs no inter-module optimization information

Output directory

Dialog Menu Command Option

Function

- object[=<file name>]

Specifies object output directory

(3) List Tab

—Contents ;

Source program : IDefauIt 'I
Conditionals : Im
Definitions : Im
Calls : [Default 7]

Default vI
Default vI
IDefault vI

Expansions :
Structured :

Code :

Cross refarence :

Section :

[ o 1|

Cancel

Generatelist file

Check Box Command Option Function
@ list Outputs assembly list
D nolist Outputs no assembly list

Rev.3.00 2005.09.12 4-12
REJO5B0464-0300

RENESAS




Section 4 HEW

Contents. Specifies the contents to be output on thelist files.

Dialog Menu

Command Option

Function

Source program

source

Outputs the source program list corresponding to the
assembly list

Conditionals

show=conditionals

Outputs the parts in which conditions specified in .AlF or
.AIFDEF are not satisfied

Definitions show=definitions Outputs macro definitions, . AREPEAT and .AWHILE definitions,
and .INCLUDE,.ASSIGNA, and .ASSIGNC directives

Calls show=calls Outputs macro-call statements and .AlF,.AIFDEF, and .AENDI
directives

Expansions show=expansions Outputs macro expansions and .AREPEAT - .AWHILE
expansions

Structured show=structured Outputs structured assembly expansions

Code show=code Outputs the lines that exceed the number of source statement

lines to be displayed in the object code display

Cross reference

cross_refernce

Outputs a cross-reference list

Section

section

Outputs a section information list

Note: If default is selected for each option, directive in the source list is specified.

(4) Tuning Tab

Source | Object | List  Tuning | Other | GPU |

Option to st [CEECHNGWNE -

[~ Specify all symbals

fladity

Bemoye

I

Ok I Cancel

Option to set:

Dialog Menu

Command Option

Function

@aa:8

abs8

Specifies 8-bit absolute address symbol

@aa:16

abs16

Specifies 16-bit absolute address symbol

Note: Selects external reference symbols or external definition symbols.
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Specify all symbols

Check Box Function
@ Assigns the specified size to the external reference symbols and external definition symbols
D Assigns a specific size to each symbol or does not assign a size

(5) Other Tab

Sc\urcel Object I List | Tuning Cther ICF‘U I

Miscellansous cptions :

[ [Remove unreferenced external symbols

User defined options :

" of

Ok I Cancel I

Miscellaneous options:

Dialog Menu Check Box Command Option Function
Remove unreferenced E exclude Disables unreferenced external-reference symbol
external symbols information output

D noexclude Enables unreferenced external-reference symbol

information output

User defined options:

Describes the command options.
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(6) CPU Tab

HES.HE/ 300 Assembler OptionsiDebug)

Assembly input file

Source I Object I List I Tuning I Other  SPU

CPU: |Has/2600 =]

Operating mode : JilEgyE]] -

Lddress spane ! '_"'_i
QK I Cancel

Dialog Menu

CPU: Operating Mode: Address Space: Command Option Function
default - - - Validates .CPU directive specification
H8S/2600 Normal - cpu=2600n H8S/2600 normal mode
Advanced 1M byte cpu=2600a:20 H8S/2600 advanced mode
16M bytes cpu=2600a[:24] H8S/2600 advanced mode
256M bytes cpu=2600a:28 H8S/2600 advanced mode
4G bytes cpu=2600a:32 H8S/2600 advanced mode
H8S/2000 Normal - cpu=2000n H8S/2000 normal mode
Advanced 1M byte cpu=2000a:20 H8S/2000 advanced mode
16M bytes cpu=2000a[:24] H8S/2000 advanced mode
256M bytes cpu=2000a:28 H8S/2000 advanced mode
4G bytes cpu=2000a:32 H8S/2000 advanced mode
H8/300H Normal - cpu=300hn H8/300H normal mode
Advanced 1M byte cpu=300ha:20 H8/300H advanced mode
16M bytes cpu=300hal[:24] H8/300H advanced mode
H8/300 - - cpu=300 H8/300
H8/300L - - cpu=300I H8/300L

RENESAS
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413 Inter-Module Optimizer Options

(1) Input Tab

Input |Output I Optimize I Section I warify I Oither I

Input files :

Add..

E'ﬁ Library files
o d¥hewdemo¥toolchains¥hitachi¥hG¥301 ¥1ib? Iriszrt.. |
Tled s, |
Bemove I

<] | L3
Defines :
Define | walue | Add..
e moe |
[T Use entry point i__main
I Use external subcommand file (8] I Cancel I

Input files: Specifies aload module and library to be linked.

Dialog Menu Subcommand Function
Relocatable files and object files input Specifies input file*
Library files library Specifies library file

Note: * This option is specified when inputting .obj other than a project file or when changing the project file input order.

Defines:

Dialog Menu Subcommand Function

- define Forcibly defines external-reference symbol
Use entry point:

Dialog Menu Subcommand Function

- entry Specifies execution start address
Use external subcommand file

Dialog Menu Subcommand Function

- subcommand Specifies the existing subcommand file
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(2) Output Tab

H3S,HS 300 Optlinker options (Debug)

Fermat of load module :

Type of load module :

i.ﬂubsnlute

Debug information :

ROM to RAM mapped sactions :

;In output load module

I Ram

Ram

D R

[T Generate map file

Load module directory :

Bemoye |

Id:¥hewde meo¥test]10¥test] 0¥ Debug

hadify... |

[~ Use external subcommand file

Ok Cancel

Format of load module: Specifies|oad module output format.

Dialog Menu Subcommand Function

ELF elf Outputs in ELF format

SYSROF sysrof Outputs in sysrof format

SYSROFPLUS sysrofplus Outputs dwarf debugging information in sysrof format

Type of load module: Specifiesload module file output format.

Dialog Menu Subcommand Function
Absolute formAabs Outputs in absolute format
Relocatable formarel Outputs in relocatable format

Debug information: Specifies debugging information output options.

Dialog Menu Subcommand Function
None nodebug Outputs no debugging information
In output load module debug Outputs debugging information to a load module
In separate debug file (*.dbg) sdebug Outputs debugging information to a file
ROM to RAM mapped sections:
Dialog Menu Subcommand Function
- rom Defines initialization data area both in ROM and RAM
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Generate map file

Check Box

Subcommand

Function

K

print [Afile name]

Outputs a linkage list file

[

Outputs no linkage list file

L oad module directory:

Dialog Menu

Subcommand

Function

output

Selects a load module output directory

(3) Optimize Tab

00 Optlinker options(Debug)

Input I Output | Dptimize ISectinn I “Warify I Other I

Optimize : Mane

vI Eliminated size):

All
[Unify =trinfSpeed

[JEliminate d Safe

Custam

[Jl=a short X

[JReallocate registers

[JEliminate same code

Forbid item:

¥ |Hesie =
I Gufput infermation

[T Generate optimize list

™| 2y mbel
LI I Reference

IEIiminatic\n of dead code

I~ Use external subcammand file

Ok | Cancel |
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Optimize: Specifies optimization items.

Dialog Menu Subcommand Function
All Optimize Enables all optimization items
Speed OptimizeAspeed Performs optimization in speed
Safe OptimizeAsafe Performs safe optimization
Custom OptimizeA Enables optimization item selection
Unify strings String_unify Unifies constant or string literal
Eliminate dead code Symbol_delete Deletes unreferenced symbols
Use short addressing  Variable_access Uses short-absolute addressing mode
Reallocate registers Register Reallocates registers
Eliminate same code Same_code Eliminates same codes
Eliminated size: Samesize Specifies the object size for same code elimination
Use indirect call/jump  Function_call Uses indirect addressing mode
Optimize branches Branch Optimizes branch instructions
None Nooptimize Disables optimization
Output information
Check Box Subcommand Function
@ information Displays optimized function name
D Displays no optimized function name
Generate optimizelist
Dialog Menu Subcommand Function
- Mlist [Afile name] Outputs optimization information list
Contents: Symbol showAsymbol Outputs symbol optimization information
Reference showAreference Outputs symbol reference count
Forbid item:
Dialog Menu Subcommand Function

Elimination of dead code

Symbol_forbid

Specifies the name of variable or function in which
unreferenced symbol eliminating optimization is
disabled

Elimination of same code

Samecode_forbid

Specifies the name of the function in which same code

eliminating optimization is disabled

Use of short addressing to

Variable_forbid

Specifies the name of the variable in which optimization

using short-absolute addressing mode is disabled

Use of indirect call/jump to

Function_forbid

Specifies the name of the function in which optimization

using indirect addressing mode is disabled

Memory allocation in

Absolute_forbid

Specifies the address area to which address allocation

is not performed
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(4) Section Tab

H3%,H3/ 300 Optlinker options(Debug)

Input I Outputl Optimize Section |"u"erif',,-' I Other I

Relocatable section start address :

Address Section Add..
HOOoQoaon | %ECTTEL

INTTEL tdodify... |
HOOO00400 | PResetFRG

IntPRG [ewy Eerlzy |
HOooooog00 - | P

b EEEN

B Hemove
HODODECOD | B

R "“l ‘Irl
HOOODFSFD | =

{ll]e; [
Generate external symbal file :
Add.

Hemoue |

[T Use external subzammand file Ok | Cancel |

Relocatable section start address:

Dialog Menu Subcommand Function

- start Specifies each section start address and linkage order

Gener ate external symbol file:

Dialog Menu Subcommand Function

- fsymbol Outputs external definition symbols processed by linkage function to a file in
assembler directive format

Note: Output file name is <project name>.fsy.
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(5) Verify Tab

10 OptLinker options(Debug)

Input I Outputl Optimize I Section  erify IOther I

CPU information check :

RN mtonmation

Ma, | Davice

| Start | End

<]

ZRUNmtermation file path

[T Stop linkage om GRU information warning

Tdedifa.. |

[ Use external subcommand file (04 | Cancel |

CPU information check:

Dialog Menu Subcommand Function

No check Checks no CPU allocation

Check Checks memory allocation according to the CPU information file

Use CPU information file  CPU Checks memory allocation according to the existing CPU information file
CPU information

Dialog Menu Subcommand Function

- - Cerates or modifies CPU information file CPU

Specifies memory types and then specifies each memory address

CPU information file path

Dialog Menu Subcommand Function

Specifies the existing CPU information file

Stop linkage on CPU information war ning

Check Box Subcommand

Function

E CPUCheck

Outputs error information during memory allocation check according to
the CPU information file

[] -

Outputs no error information during memory allocation check
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(6) Other Tab

| OptLinker options (Debug)

Inpuut I Output I Optimize | Section I ‘Yerify Cither

Miscellaneous options :

Dfxclude unreferenced external symbal

[ |™lign section

User defined options :

[

[T Use external subcommand file Ok Cancel |

Miscellaneous options: Specifies other functions.

Dialog Menu Subcommand Function

Exclude unreferenced external Exclude Disables unreferenced library linkage

symbols

Align section Align_section Checks sections having different alignments

Check for undefined symbols Udfcheck Outputs error information when undefined symbol is
detected

Check for unlinked sections Check_section Checks sections to which addresses are not assigned
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414 S-Type Converter Options

(1) Output Tab

srof Stype Object Converter Options(Debug)

Data record header :

™ A&lways cutput 59 record at the end
[T Divide S tvpe fil

= type file output directory :

Mone hd

Ic:¥test3¥test3¥Debug

iwided s type files:

Madify... |

start | end | path |

Addl I
adify. |
Bemove |

o 1|

Cancel |

Data record header:

Dialog Menu Command Option Function

None - -

S1 record=s1 Outputs in S1 data record
S2 record=s2 Outputs in S2 data record
S3 record=s3 Outputs in S3 data record

Always output S9 record at the end

Check Box

Command Option

Function

K

s9

Outputs S9 record at the end, even if the entry address exceeds
H'10000

[

Always outputs

Divide Stypefile

Check Box

Command Option

Function

K

Outputs S-type file by separating it into arbitrary address areas

[

Outputs S-type file without separation
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Stypefile output directory

Dialog Menu Command Option Function

- - Specifies S-type file output directory

415 Librarian Options

(1) Output Tab

- Library attribute : ——————
|
IO
|

: {~ System library

Wi

Library file cutput directory

|=#lib¥lib% Debug Madify.. |

[T Generate list file

[T Show external symbal

[T Generate section list

[T Use external subcammand file Ok Cancel

Library attribute: Specifiesthe attribute of alibrary to be output.

Dialog Menu Option/Subcommand Function
User library output Specifies user library as library attribute
System library output Specifies system library as library attribute

Library file output directory:

Dialog Menu Option/Subcommand Function

- output Specifies library output directory

Generatelist file: Specifies whether the library list file is output.

Check Box Option/Subcommand Function
@ list Displays library file contents
D - Displays no library file contents
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Show external symbol: Specifies the output of external definition symbol names defined in amodule.

Check Box Option/Subcommand Function
@ list Displays external definition symbol names defined in a module
D - Displays no external definition symbol names

Generate section list: Specifies section name list file output.

Check Box Option/Subcommand Function
E slist Displays section contents
D - Displays no section contents

4.2 Specifying Optionsin HEW2.0 or Later

For details on specifying optionsin HEW1.2, refer to section 4.1, Specifying Optionsin HEW1.2.

421 C/C++ Compiler Options
Select C/C++ Tab from the H8S, H8300 Standard Toolchain dialog box.

(1) Category:[Source]

H&5,H8,300 Standard Toolchain 21xl

Configuration : GG+ Iﬂssemblyl Link:"Libraryl Standard Library | GPL | Deb ‘l "l
IDebug ;I Categary : ISDurce ll
EI--@ All Loaded Projects e e (e 2

E@ Sample
|:|  zource file
[“_‘| C++ cource file

H Tile
Preinc lud

|:| fizzembly zource file Detfines

H-Z] Linkaee svmbol file Massages Inzert.
Meszage level =
File inline path

Bemowve

[awe up

I

[dawe down

Cptione CACH :
—cpu=Ha5xA:24 -object="FICOMNFIGDIR)#FFILELEAF) ob” - _|

debug —nolizt —cheincpath —nologo

3

K

0] 4 I Cancel I
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Show entriesfor:

Dialog Menu Command Option Function

Include file directories include Specifies the path name of the include file directory

Preinclude files preinclude Specifies file contents as a include file at the beginning of a
compilation unit

Defines define Defines the macro name

Messages message Outputs an information message

Message level

charge_message

Change message level

File inline path

file_inline_path

Specifies the path name where obtains a file that has function
definitions to be expanded as inline functions

(2) Category:[Object]

[Object] Category in HEW 4.0 is different from that of the previous versions (HEW 3.0 or earlier).

Both of them are displayed in the following charts.

<HEW2.0 to HEW3.0>

Configuration :

| SimDebue_Ha5-2600A

|:| G+ zaurce file
[:l fszembly source file
-] Linkage syvmbal file

Category :

Cutput file type :

|Machine code (obj) j
¥ Generate debue infarmation
Section :

Template :

|F'.ut|:| ;l

I Program section (P} LI

Store ztring data in :

|F

|O|:|nst zection ;l

Mul/Div operation specification :

|Bazed on ANSIiGuarantes 16bit as a result of 16bitv16bit) =]
Cutput directory :

[${CONFIGDIRM

Optiong GAG+H :

Modify... |

—cpu=2600£:24 —object="FICONFIGDIRMS (FILELEAF) ob)” ;l
—debug -holist —cheincpath -nologo

[

[ o ]

Cancel I
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<HEWA4.0>

H8S,H8,/300 Standard Toolchain 21x

Contfiguration :

IDebug

=

B

=33 All Loaded Prajects

Sample

-] © source file
-2 G+ zource file

D Azzembly source file

GG+ | Aesembly | Link/Library | Standard Library | GPU | Deb 4| ¥

Categary :

[:I Linkage =vmbol file

Dutput file type : [ Merdd
: f Optimization
IMachlne code #aohj j T
v Generate debug information generation
Section : Template :
|F‘rogram section (F) ;I I'c"UtU ﬂ

P

Store =tring data in

Piul/Div operation specification :

IOu:unst zection ;I

Giroup byw alienment :

|Based on ANSIBbitH Gbit=1601) x| [#uto -
Cutput directory :
[$CONFIGDIR Modify. |

Optiohz CACG+H :

-cpu=26004:24 —object="F{CONFIGDIRJ¥SFILELEAF ob)™ - ;l
debug -nolist -cheincpath -nologo

=

0].4 I Cancel |

Output filetype:

Dialog Menu

Command Option

Function

Machine code (*.0bj)

code=machinecode

Outputs a machine language program

Assembly source code (*.src)

code=asmcode

Outputs an assembly language program

Preprocessed source file

(*.p/*.pp)

preprocessor

Outputs a source program after preprocessor expansion

Generate debug information

Check Box Command Option Function
@ debug Outputs debugging Information
D nodebug Outputs no debugging information

Section:

Dialog Menu

Command Option

Function

section

Changes the default section name

Storestring data in:

Dialog Menu

Command Option

Function

Const section

string=const

Outputs string literal to the constant area

Data section

string=data

Outputs string literal to the initialization data area

Rev.3.00 2005.09.12 4-27
REJO05B0464-0300

RENESAS




Section 4 HEW

Mul/Div operation specifications

Function

Develops multiplication or division in codes according to the
ANSI C language specifications

Dialog Menu Command Option
Based on ANSI (Guarantee nocpuexpand
16bit as a result of 16bit*16bit)

Non ANSI (Guarantee 32bitas  cpuexpand

aresult of 16bit*16bit)

Develops multiplication or division in codes according to the
CPU instruction specifications

Output directory

Dialog Menu Command Option

Function

- object

Specifies object file output directory

Template

Dialog Menu Command Option

Function

None template=none Does not generates instances
static template=static Generates instance as internal linkage
only for referenced templates
Used template=used Generates instance as external linkage
only for referenced templates
All template=all Generates instances for templates declared or referenced
Auto template=auto Generates instances at linkage

Bit field allocation order (Specify the CPU tab from HEW4.0 or later )

Dialog Menu Command Option

Function

Left bit_order=left

Stores members from upper bit

Right bit_order=right

Stores members from lower bit

Group by alignment

Dialog Menu Command Option

Function

None noalign Allocates defined variables in the defined order

Auto align Allocates variables so as to reduce space by boundary
alignment

4byte align=4 Divides a data section into 4,2,1-byte boundary alignment

section, and allocates into multiple of 4,2,1 address, in order

to improve the speed of access

Compatibility of output object code (HEW4.0 or later)

Check Box Command Option

Function

K

legacy=v4

Output objects generated by Ver.4.0 optimization technology

of H8S

[] -

Output objects generated by Ver.6.1 optimization technology

of H8S
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(3) Category:[List]

Configuration : GG+ Iﬂssemblyl Linkz’Libraryl Standard Library | ZPU | Sim *l "l

| SimDebue_Has-2600A =]

=53 All Loaded Projects
E@ zample
-] G source fils

Categary : |List LI

—Contents :

Tab size : Ivl 4

|:| Azzembly source file
-1 Lirkage symbol file

B2 G+ source file IObject list Enable all _|

[wStatiztics

[ 1Allocation infor mation Dizable all |

wlSource code listing
[ |After preprocessar expansion

Cptione CACH :

—opu=26004:24 -object="$CONFIGDIRMS (FILELEAF) .obj" :l
—debug —list="$ICONFIGDIRSESFILELEAF ) Ist™ —show=tab=4
—cheincpath —nologo -

0] 4 I Cancel I

Generatelist file

Check Box Command Option Function

[V list Outputs object list file

D nolist Outputs no object list file
Contents: Specifies data to be output to the object filelist.

Dialog Menu Command Option Function

Object list show=object Outputs object list

Statistics show=statistics Outputs statics information

Allocation information show=allocation Outputs symbol allocation list

Source code listing show=source Outputs source list

After preprocessor expansion  show=expansion

Outputs source program listing after macro expansion

If the [Enable all] button is pressed, all dataitems are output. On the other hand, if the [Disable all] button is pressed, all
dataitems are disabled and no dataitem is output to the object list file.

Tab size
Dialog Menu Command Option Function
4 show=tab=4 Specifies Tab size as 4 to appear in listing
8 show=tab=8 Specifies Tab size as 8 to appear in listing
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(4) Category:[Optimize]

Standard Toolchain

Configuration :

IDehug

=55 All Loaded Projects

E@ zample
4] © source file

[C3 G+ zource file
& |:| Azzembly source file
-1 Lirkage symbol file

G/G++ | Aesembly | LinkLibrary | Standard Library | GPU | Dep 4| ¥ |

Categary :

Speed or zize : |S|:ueeu:| oriented optimization
— Speed sub—options :

2l

=l

|O|:utimize

Details...

]

Switch statement :
[w|Register ﬂ | futa ;I
[w=witch judgement Eunction call :
WIShift to multiple [@aa |
[WStruct assienment LI st aEcess ©
Tnline fumction : IDefauIt v| I@aa LI
[aseimum s IW node(s) [~ 2hyte pointer

[~ Generate file for inter—maodule optimization
Cptione CACH :

—cpu=26004:24 -object="$CONFIGDIRMS(FILELEAF) .obj"
—debug —holizt
—zpeed=register,smitchshiftstruct expression, loop=2,inline

=

[ o ]

Cancel I

Optimization

Check Box

Command Option

Function

K

optimize=1

Specifies optimization

[

optimize=0

Specifies no optimization

Speed or size: Specifies the optimization format.

Dialog Menu

Command Option

Function

Size oriented optimization

Performs optimization in size

Speed oriented optimization

speed

Performs optimization in speed

Speed sub-
options

Register

speed=register

Performs register store/restore expansion by the PUSH
and POP instruction at a higher speed

Switch judgement

speed=switch

Develops the switch statement at a higher speed

Shift to multiple

speed=shift

Develops the shift operation at a higher speed

Struct assignment

speed=struct

Performs the expansion of structures and substitution
expression at a higher speed

Expression

speed=expression

Performs arithmetic operation, comparison, and
substitution expression processing at a higher speed

Loop optimization  speed=loopl Deletion of induction variables

Loop Unrolling speed=loop2 Deletion of induction variables and loop expansion

Inline function speed=inline Performs or does not perform Automatic inline expansion
Maximum:node(s) [=<data>]
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Generatefilefor inter-module optimization

Check Box

Command Option

Function

K

goptimize

Outputs inter-module optimization add-on information file

[

Outputs no inter-module optimization add-on information

file

Switch statement: Specifies the switch statement expansion method.

Dialog Menu

Command Option

Function

Auto case=auto Determines switch statement expansion method
depending on the speed option specification

If then case=ifthen Performs switch statement expansion in if_then method

Table case=table Performs switch statement expansion in table jump

method

Function call: Selects the function call method.

Dialog Menu

Command Option

Function

@aa - Selects normal function call
@@aa:8 idirect=normal Selects memory indirect function call
@@vec:7 idirect=extended Selects extended memory indirect function call

Data access: Selects data access mode.

Dialog Menu Command Option Function

@aa - Selects normal data access

@aa:8 abs8 Selects 8-bit absolute address access
@aa:16 abs16 Selects 16-bit absolute address access
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() [Details] Button: [Inline] Tab

(Supported from HEW 4.0)

Optimize details el
Inline |Global variablesl Miscellaneous |

Inline file path :
Ci¥Hew—exe¥Hewd HEVE] ene¥Sample¥Sample¥inlinec

0K Cancel
Specify optimizing range
Dialog Menu Command Option Function
Inline file path file_inline Specifies a file for inter-faile inline expansion.

(b) [Detailg Button: [Global Variables] Tab

Optimize details el

Ihline Global variables IMisceIIaneous |

—Contents

[~ Treat global variables as wolatile qualified

[~ Delete assignment to global variables before an infinite loop

Specify optimizing range : IF'uII vl
Bllocate regizters to global variables : IDEfEIUH v|
Propagate variables which are const qualified : IDefault 'l

0K I Cancel
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Level: Specifiesthe level of external variable optimization

Dialog Menu Command Option Function
Level 1 Disables all of the external variable optimization.
volatile [Treat global ...] = [Checked]
infinite_loop=0 [Delete assignment ...] = [Not checked]
opt_range=noblock [Specify optimizing ...] = [No block]
global_alloc=0 [Allocate registers ...] = [Disable]
const_var_propagate=0 [Propagate variables ...] = [Disable]
Level 2 Optimizes external variables that do not have a volatile specifier.

Disables optimization of external variables which extend across loops or
branches.

[Treat global ...] = [Not checked]
[Delete assignment ...] = [Not checked]

novolatile

infinite_loop=0

opt_range=noblock [Specify optimizing ...] = [No block]

global_alloc=0 [Allocate registers ...] = [Disable]

const_var_propagate=0 [Propagate variables ...] = [Disable]

Level 3 Optimizes external variables that do not have a volatile specifier within
the entire function.

[Treat global ...] = [Not checked]
[Delete assignment ...] = [Not checked]

novolatile

infinite_loop=0

opt_range=all [Specify optimizing ...] = [All]

global_alloc=1 [Allocate registers ...] = [Enable]

const_var_propagate=1 [Propagate variables ...] = [Enable]

Custom - Optimizes external variables according to the options specified by user
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Treat global variables asvolatile qualified

Check Box Command Option Function
@ volatile Disables external variable optimization.
D novolatile Optimizes external variables that do not have a volatile specifier.

Delete assignment to global variables before an infinite loop

Check Box Command Option Function

E infinite_loop=1 Eliminates an assignment expression that is located immediately
before an infinite loop and that is an assignment to the external
variable that is not used in the infinite loop.

D infinite_loop=0 Disables elimination of an assignment expression for external

variables preceding an infinite loop.

Specify optimizing range

Dialog Menu Command Option Function

All opt_range=all Optimizes external variables within the entire function.

No loop opt_range=noloop External variables in a loop and external variables used in a loop
iteration condition are not to be optimized.

No block opt_range=noblock External variables extending across branches (including loops) are

not to be optimized.

Allocateregistersto global variables

Dialog Menu Command Option Function

Disable global_alloc=0 Disables allocation of external variables to registers.
Enable global_alloc=1 Allocates external variables to registers.

Default global_alloc=1 Allocates external variables to registers.

Propagate variables which are const qualified

Dialog Menu Command Option Function

Disable const_var_propagate=0 Disables constant propagation of external constants declared by
const.

Enable const_var_propagate=1 Performs constant propagation of external constants declared by
const.

Default const_var_propagate=1 Performs constant propagation of external constants declared by

const.
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(c) [Details] Button: [Miscellaneous] Tab

Optimize details 2x|

Tnline IGIDbaI varigbles  Miscellaneous I

Specify maximum urroll factor : | Default =

v dllocate regizters to struct/union members

[~ Lhlite memepy/strepy

(0].4 I Cancel

Delete vacant loop

Check Box Command Option Function
@ del_vacant_loop=1 Eliminates the loop without statements inside.
D del_vacant_loop=0 Disables elimination of vacant loops, even when there is no statements

inside the loop.

Specify maximum unroll factor

Dialog Menu Command Option Function
Default max_unroll=2 or 1 2 or 1 is assumed as the maximum number of loops to be expanded.
Custom max_unroll= Specifies the maximum number of loops to be expanded. An integer

< numeric value >

from 1 to 32 can be specified for <numeric value>.

Allocate registersto struct/union members

Check Box Command Option Function
E struct_alloc=1 Allocates structure/union members to registers.
D struct_alloc=0 Disables allocation of structure/union members to registers.

I nline memcpy/strcpy

Check Box Command Option Function
E library=intrinsic Performs inline expansion for memcpy and strcpy.
D library=function Makes function calls for memcpy and strcpy.
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(5) Category:[Other]

H&S,H8,/300 Standard Tooelchain

GG+ | pssembly | Link/Library | Standard Library | GPU | Deb ]

Configuration :

|Del:uug

[

=3 Al Loaded Projects
EI@ Sample
[:l G zource file

(- G+ source file
I:l fzzembly zource file
-7 Linkage symbal file Fl |

Ciategory :

Mizcellaneous options :

2l

[ IGheck against EC++ laneuage specification
[ Interrupt handler saves restores MACGH and MAGL regizters

il

Uzer defined options :

[ 1Allow comment nest *l
-
e
-

Cptions CAC+H :

[—
|-

—cpu=2600/4:24 —object="${CONFISDIRMF (FILELEAF ob)” - ﬂ

debug -nolist -cheincpath -nologo

[~

[ o ]

Cancel I

Miscellaneous options:

Dialog Menu

Command Option Function

Allow comment nest comment Enables comment nesting

Check against EC++ language ecpp Checks syntax according to the EC++ language
specification specifications

Interrupt handler saves/restores macsave Guarantees MAC registers

MACH and MACL registers if used

Treate loop condition as volatile volatile_loop Disables optimization of loop iteration condition.
qualified

Treat enum as char ifitis in the byteenum Handles enumeration-type data as char

range of char

Increase a register for register
variable

Regexpansion
noregexpansion

Specifies the number of variable-allocation registers as 2 or
3

Put common subexpressionona cmncode Improves the optimization function for common expression
register temporarily deletion
Use EEPMOV in block copy eepmov Performs structure substitution
using the EEPMOV instruction
Treats loop condition as volatile volatile_loop Disables optimization of loop iteration.
qualified
Suppress #line in preprocessed noline Disables #line output at preprocessor expansion.

source file

Enable register declaration

enable_register

Preferentially allocates the variables with register storage
class specification to registers.

Obey ansi specifications more
strictly

strict_ansi

Conforms to the ANSI standard for the following processing.
- Associative rule of floating-point operations

User defined options: Specifies the command options.
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422 Assembler Options
Select Assembly Tab from the H8S,H8/300 Standard Toolchain dialog box.

(1) Category:[Source]

Configuration : GG+ Pssembly | Link/Library | Standard Library | GPU | Gim 4] * |
| SimDebue_HES-2600A =l

Categary :

=53 All Loaded Projects Shaw entries far -
E@ zample I T p =
F-{3 G source file |Inc|uu:|e file directories _|

[:l G+ zource file Add..
-2 Azsembly source file

[:I Linkage =vmbal file Ihsert.. |
Bemayve |
[fEwe U |

[fawe dowr |

Cptions Azzembly :

—cpu=26004:24 -debue ;l
—object="${CONFIGDIRMESFILELEAF ob]” —nolist —noloen
~cheincpath —errorpath ;I

0] 4 I Cancel I

Show entriesfor:

Dialog Menu Command Option Function

Include file directories include Specifies include file directory

Defines define Defines string literal replacement

Preprocessor variable*  assigna Defines integer-type preprocessor variable
assignc Defines character-type preprocessor variable

Note: * Specify using the following dialog box.

Add prep

Symboal I

YWalue :

{* String : i

) Integer i

(04 I Cancel
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(2) Category:[Object]

Standard Toolchain

Configuration :
| SimDebue_HES-2600A

=53 All Loaded Projects
B

+-_] © source file

[ G+ zource file

& [ Aszembly source file

-1 Lirkage symbol file

zample

GAGrs  Assembly | Link/Library | Standard Library | GPU | Sim_¢| ]

Categary :

Debug information :
|'u'u'ith debug information j

[T Generate assembly source file after preprocess

[ Optimize

Default of branch displacement gize

I Default - I

[ Generate file for inter—module optimization

Cutput file directory
[$ICONFIGDIRM

Modify... I

Cptions Azzembly :

—cpu=26004:24 -debue ;l
—object="${CONFIGDIRMESFILELEAF ob]” —nolist —noloen
~cheincpath —errorpath -

0] 4 I Cancel I

Debug information:

Dialog Menu Command Option

Function

Default -

Validates .DEBUG directive only

With debug information  debug

Enables debugging information output

Without debug
information

nodebug

Disables debugging information output

Generate assembly sourcefile after preprocess

Check Box Command Option

Function

@ expand

Outputs preprocessor expansion results

] -

Outputs no preprocessor expansion results

Optimize

Check Box Command Option

Function

K

optimize

Specifies optimization

[

nooptimize

Specifies no optimization
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Default of branch displacement size:

Function

Specified by the directive descriptions in the source files

Specifies the displacement size as 8 bits if the forward-reference
displacement is selected for the branch instruction

Dialog Menu Command Option
Default

8bit br_relative=8
16bit br_relative=16

Specifies the displacement size as 16 bits if the forward-
reference displacement is selected for the branch instruction

Generatefilefor inter-module optimization

Check Box Command Option

Function

goptimize

K

Outputs inter-module optimization information

[

Outputs no inter-module optimization information

Output directory

Dialog Menu Command Option

Function

- object

Specifies object output directory

(3) Category:[List]

Configuration :
| SimDebue_Ha5-2600A

E--@ All Loaded Projects
zample

5@
-] G zource file

-2 G+ source file

[:l Bzzembly source file

|:| Linkage =vmbol file

G/G++  Aesembly | Link/Library | Standard Library | GPU. | Sim 4 ¥ |

i

3 IDefauIt vl
3 IDefauIt vl
3 IDefauIt vl

Source program lizt Contents :

Category : |Li3t

Source proeram
Cross reference

Section

Status | Contents | -

Conditionalzs Default

Definitions Default

Callz Default

Expanszions Default —
Structured Default ;I
- Clmf =il

Options Azzembly

Tled . |

—cpu=26004:24 —debug
—object="$COMNFIGDIR)SFILELEAF) .ob]"

—list="$ (CONFIGDIFMES (FILELEAF) lis™ -nologo —cheincpath

g

[ o ]

Cancel I

Generatelist file

Function

Outputs assembly list

Check Box Command Option
[V list
D nolist

Outputs no assembly list

RENESAS
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Sour ce program:
Dialog Menu Command Option Function
Shown source Outputs source program list
Not shown nosource Outputs no source program list
Crossreference:

Dialog Menu

Command Option

Function

Shown cross_refernce Outputs cross reference list
Not shown nocross_refernce Outputs no cross reference list
Section:

Dialog Menu

Command Option

Function

Shown

section

Outputs section information list

Not shown

nosection

Outputs no section information list

Source program list Contents: Specifies the contentsto be output on the list files.

Dialog Menu

Command Option

Function

Conditionals

show=conditionals

Outputs the parts in which conditions specified in .AlF or
AIFDEF are not satisfied

Definitions show=definitions Outputs macro definitions, .AREPEAT and .AWHILE definitions ,
and .INCLUDE,.ASSIGNA, and .ASSIGNC directives

Calls show=calls Outputs macro-call statements and .AlF,.AIFDEF, and .AENDI
directives

Expansions show=expansions Outputs macro expansions and .AREPEAT .AWHILE expansions

Structured show=structured Outputs structured assembly expansions

Code show=code Outputs the lines that exceed the number of source statement

lines to be displayed in the object code display

Note: If default is selected for each option, directive in the source list is specified.

Rev.3.00 2005.09.12 4-40

REJ05B0464-0300

RENESAS



Section 4 HEW

(4) Category:[Tuning]

Cionfiguration : GG+ Pssembly | Link/Library | Standard Library | GPU | Sim <] * |
ISlmDebug_HBS-EﬁDDP. =] Category : Iﬁ
=- All Loaded Projects : :

?@ :;:.ample thll:ln 1 = e I@aa:B j

-1 G source file [~ Specify all symbols :
-0 G+ source file

|:| Azzembly source file
®-[] Linkage symbal file el

Bemove

I

COptions Azzembly :

—cpu=26004:24 -debug -
—object="${CONFIGDIRSESFILELEAF ) obj”
—ligt="F(COMNFIGDIFMS (FILELEAF) lis™ -nologo —cheincpath -

ITI Cancel I

Option to set:
Dialog Menu Command Option Function
@aa:8 abs8 Specifies 8-bit absolute address symbol
@aa:16 abs16 Specifies 16-bit absolute address symbol

Note: Selects external reference symbols or external definition symbols.

Specify all symbols

Check Box Function
E Assigns the specified size to the external reference symbols and external definition symbols
D Assigns a specific size to each symbol or does not assign a size
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(5) Category:[Other]

Standard Toolchain
Gonfiguration : GG+ Pssembly | Link/Library | Standard Library | GPU | Gim 4] * |
| SimDebue_Has-26004 =l Category

=53 All Loaded Projects
E@ zample
+-_] © source file
[ G+ zource file
B [ Aszembly source file
[:I Linkage =vmbal file

Mizcellansous optiohs :

[ |Remove unreferenced external swmbols

Uzer defined optiohs :

-

[

Cptions Azzembly :
—cpu=26004:24 -debue %

—object="${CONFIGDIRSESFILELEAF abj”
—ligt="F(GONFIGDIFMEFILELEAF) lis" -nologo —cheincpath

0] 4 I Cancel I

Miscellaneous options:

Dialog Menu Check Box Command Option Function
Remove |] exclude Disables unreferenced external-reference symbol
unreferenced information output

external symbols D noexclude Enables unreferenced external-reference symbol

information output

User defined options:

Describes the command options.
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423

Optimizing Linkage editor Options

Select Link/Library Tab from the H8S, H8/300 Standard Toolchain dialog box.

(1) Category:[Input]

0 Standard Toolchain

Configuration

[SimDebue_Has-26004 =]

E--@ All Loaded Projects
EI@ zample
-] G source file
-1 C++ source file
D fizzembly source file
[:l Linkaee symbol file

G/G++ | Assembly Link/Library | Standard Library | GPU | Sim 4] ¥ ]

Gategory : -
Show entriez for :
|Library files ;l

[ Use entry point :

Prelinker control :

fdd..
[HEErt.

BEmnwve

i1

F'S
E [

I IF'uuto

Options Link.Library :

I

—-noprelink, —-ram=0=F -nomeszaee

~ligt="$ (COMNFIGDIFE (PROJECTMNAME). map”™ —nooptimize
—start=PResetPRG Pt PRG/0400. PGS DSEC CEBSEC.DADR00, |+

[ o 1]

Cancel I

Show entriesfor:

Dialog Menu

Command Option

Function

Library files library Specifies an input library name
Relocatable files and input Specifies an input file

object files

Binary files binary Specifies an input binary file
Defines define Forcibly defines undefined symbol

Use entry point:

Check Box

Command Option

Function

K

entry

Specifies entry symbol and entry address

[

Specifies no entry symbol and no entry address

Prelinker control:

Dialog Menu

Command Option

Function

Auto

If there is no instance information file, does not run prelinker

Skip prelinker

noprelink

Does not run prelinker

Run prelinker

Runs prelinker

RENESAS
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(2) Category:[Output]

H&S,H8, 300 Standard Toolchain

Contfiguration :

IDebug

=

=33 All Loaded Prajects
™ Samp e

-] © source file
-2 G+ zource file

D Azzembly source file

[:I Linkage =vmbol file

2l

GG+ | Besembly Link/Library | Standard Library | GPU | Deb 4 [ ¥

Categary :
Type of output fils : |Sty|:ue via absolute LI
Data record header : |None _| INu:une ;I
Debug information : |In output load module =|
Show entries for
IOutput file path LI

[ CONFIGDIR4S (FROJECTHAME. mat

Options LinkLibrary :
—rioprelink —rom=D0=F -nomessage —Ilst-"$(CONFIGDIR)¥$( ﬂ

PROJECTHAME).map” —nooptimize —sta
PResetP RGPt PRGAD400,P G CEDSES O$EIS EC D/0800.E.RAA

[ o ]

Cancel |

Type of output file:

Dialog Menu

Command Option

Function

Absolute(ELF/DWARF)

form=absolute

Outputs absolute load module in ELF/DWARF format

Absolute(SYSROF)

helfcnv.exe

form=absolute

Outputs absolute load module in SYSROF format

Relocatable

form=relocate

Outputs relocatable load module

System library

form=library=s

Outputs system library

User library

form=library=u

Outputs user library

Hex via absolute

form=hexadecimal

Outputs a HEX file

Stype via absolute

form=stype

Outputs a S-type file

Binary via absolute

form=binary

Outputs a binary file

Datarecord header:

Dialog Menu

Command Option

Function

Outputs a record according to each address

H16 record=h16 Outputs a HEX record

H20 record=h20 Outputs an extended HEX record
H32 record=h32 Outputs a 32-bit HEX record

S1 record=s1 Outputs a S1 record

S2 record=s2 Outputs a S2 record

S3 record=s3 Outputs a S3 record
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Debug information:

Dialog Menu Command Option Function

None nodebug Outputs no debugging information

In output load module debug Outputs debugging information to a load module
In Separate Debug File sdebug Outputs debugging information to a file

Show entriesfor:

Dialog Menu Command Option

Function

Output file path -

Specifies a path for an output file

ROM to RAM mapped rom
sections

Reserves an area of RAM to resolve symbol relocation by address
in RAM

Divided output files -

Sets or does not set output range

Specify value filled in -
unused area

Specifies a value to output to unused area

Output messages -

Specifies whether information level messages are output

Reduce empty areas -

Reduces empty areas generated as the boundary alignment of
sections after compilation

Repressed information level messages:

Check Box Command Option Function
@ nomessage Outputs no information level messages
D message Outputs information level messages

Notify unused symbol:

Check Box Command Option

Function

@ msg_unused

Notifies the user of the defined symbol which is never referenced

] -

NOT notify the user of the defined symbol which is never
referenced

Divided output files:

Check Box Command Option

Function

[V output

Specifies an output file name and sets output range

] -

Specifies an output file name but does not set output range

Output padding data:

Check Box Command Option

Function

m space=
<numerical value>

Specifies a value to output to unused area

[] -

A value to output to unused area is not specified.
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Reduce empty areas of boundary alignment:

Check Box

Command Option

Function

K

data_stuff

Reduces empty areas generated as the boundary alignment of
sections after compilation

[

NOT reduce empty areas generated as the boundary alignment of
sections after compilation

(3) Category:[List]

Standard Toolchain

Configuration :

[5imDebue_Has-26004 =]

E--@ All Loaded Projects

SRR =ample
A © zource file
[ G4+ source file
+-_7] Aezembly source fils
-] Linkage syvmbal file

GAG++ | Azsembly  Link/Library | Standard Library | GPU |Sim‘|"|

Category :

¥ Generate list file
—Contents

[ |Showm =wmbal
[ Jshow reference
[ Ishom section

Enable all |
Dizable all |

Optiong Link/Library :

—noprelink, —rom=0=F -nomeszage
~list="$ (COMNFIGDIF4S (PROJECTHNAME) map™ —nooptimize
—start=P RezetPRG,PInt PRG/0400 P.C.CE0DSEC CEBSEC, D/T800,

RN

Cancel

[ o ]

Generatelist file:

Check Box

Command Option

Function

K

list

Outputs a list file

[

Outputs no list file

Contents:

Dialog Menu

Command Option

Function

Show symbol

show=symbol

Outputs a list of symbol names

Show reference

show=reference

Outputs the number of symbol references

Show section

sher=section

Outputs a list of sections

Show cross reference

show=xreference

Outputs the cross-reference information
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(4) Category:[Optimize]

Standard Toolchain

Configuration :

| SimDebue_HES-2600A

=53 All Loaded Projects
E@ zample
(1 C =ource fil
[:l T+ gource file

|:| fzzembly source file
-1 Lirkage symbol file

Categary :

Show entries for :

|Optimize items ;l

Optimize : INDnE vl Eliminated size :I Q001 EE

[IUnify strines o| T Include profile -
[1Eliminate dead code |
[U=ze zhort addressing Madify..
[1Feallocate registers ache sizZe

[CJEliminate same code Eize : | (0008 E
I]Use. |n.c||rect callfjump _| e T =

[Optimize branches -

Optionz LinkLibrary :

—nnprellnk -rom=0=F -nomessage -
—lisgt="$ (CONFIGDIFMES (PROJECTHAME) map™ —nooptimize
—start=F ResetPRG,PIntPRG/0400 P C G$DSEO CHBSEC,D/0200, =]

0] 4 I Cancel

Show entriesfor:

Dialog Menu

Command Option

Function

Optimize items

Specifies optimization

Forbid item

Disables optimization of specific symbol and address
areas

Elimination of dead code

Symbol_forbid

Specifies the name of variable or function in which
unreferenced symbol eliminating optimization is disabled

Elimination of same code

Samecode_forbid

Specifies the name of the function in which same code
eliminating optimization is disabled

Use of short addressing to

Variable_forbid

Specifies the name of the variable in which optimization
using short-absolute addressing mode is disabled

Use of indirect call/jump to

Function_forbid

Specifies the name of the function in which optimization
using indirect addressing mode is disabled

Memory allocation in

Absolute_forbid

Specifies the address area to which address allocation is
not performed
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Optimize:

Dialog Menu Command Option Function

All Optimize Enables all optimization items

Speed OptimizeAspeed Performs optimization in speed

Safe OptimizeAsafe Performs safe optimization

Custom OptimizeA Enables optimization item selection
Unify strings String_unify Unifies constant or string literal
Eliminate dead code Symbol_delete Deletes unreferenced symbols
Use short addressing  Variable_access Uses short-absolute addressing mode
Reallocate registers Register Reallocates registers
Eliminate same code Same_code Unifies instruction codes
Use indirect call/jump  Function_call Uses indirect addressing mode
Optimize branches Branch Optimizes branch instructions
Eliminated size: Samesize Specifies the object size for same code elimination

None Nooptimize Disables optimization

Include profile

Check Box

Command Option

Function

K

profile

Specifies a profile information file

[

Specifies no profile information file

Cachesize:
Dialog Menu Command Option Function
Size cachesize =sized Specifies cache size
Line cachesize =align Specifies cache align size
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(5) Category:[Section]

H&S,H8, 300 Standard Toolchain

Contfiguration :

IDebug LI
EI"@ All Loaded Projects
EI@ Sample

-] © source file

[:l G+ zource file
D Azzembly source fils
[:I Linkage =vmbol file

GG+ | Besembly Link/Library | Standard Library | GPU | Deb 4 [ ¥

Categary :

Show entries for : |Section

Address

Section

(00000400

FPResetPRG

PlntPRG

(00000200

=

G

CHOSEC

CHBSEC

(00F Fa0a0

0:00F FBEOD

o m| 2

Options LinkLibrary :

2l

PROJECTHAME).map” —nooptimize —sta

—rioprelink —rom=D0=F -nomessage —Ilst—"$(CONFIGDIR)¥$( -
PResetP RGPt PRGAD400,P G CEDSES O$E|S ECDASN0ERMD -

[ o ]

Cancel |

Show entriesfor:

Dialog Menu Command Option Function
Section start- Specifies each section start address and linkage order
Symbol file fsymbol Outputs external definition symbols processed by linkage function to

a file in assembler directive format

RENESAS
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(6) Category:[Verify]

standard Toolchain

Configuration

| SimDebug_HES-26004 =l
E@% Loaded Projects GFPU information check :
=l zample
D G zource file IND EEc —I
-] C++ source file GEI intarmatian =

---CI Azsembly source file Device | Start | End | A, |

-1 Linkage symbal file
oo i

Bemove |

R mtermatian file path :

| Maditi.. |

Options Link.Library :
—-noprelink, —-ram=0=F -nomeszaee -
-

~ligt="$ (COMNFIGDIFE (PROJECTMNAME). map”™ —nooptimize
—start=PResetPRG Pt PRG/0400.P . CEDSEC.CEESES. D000,

0] 4 I Cancel I

CPU infor mation check:

Dialog Menu Command Option Function

No check - Checks no CPU allocation

Check CPU Checks memory allocation according to the CPU information file
Use CPU information file = CPU Checks memory allocation according to the existing CPU

information file

CPU information

Dialog Menu Subcommand Function

- {ROmM | RAm}= Cerates or modifies CPU information file CPU

<address range> Specifies memory types and then specifies each memory address

CPU information file path

Dialog Menu Subcommand Function

- <File name> Specifies the existing CPU information file
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(7) Category:[Other]

Caonfigurat

ian :

| Debue

[

E--@ All Loaded Projects
B
3

zample

L3 G zource file

[ G+ zource file

-] Aszembly source file
[ Linkage symbol fils

G+ | Asgembly Link/Library | Standard Library | GPU |Deb‘| 3

Categary :

Mizcellaneouz options :

2 x|

[1Always output 59 record at the end
[J5tack information autput
[CGompress debue information
[ILow metmory uze during linkage

User defined options : IHhsalutefﬂelacatabIefLihrary

Options Link.Library :

-noprelink, —-ram=0=F -nomessaee
~ligt="${CONFIGDIFR4 PROJECTNAME Y map” —nooptimize
-ztart=F ResetPRG,PItPRG0400,P GO DSECCEBSEC, 00200,

=

Can

[ o |

el I

Miscellaneous options: Specifies other functions.

Dialog Menu Command Option Function

Always output S9 record attheend  S9 Outputs S9 record consistently

Stack information output stack Outputs stack usage information files

Compress debug information compress Compresses debug information
nocompress Compresses no debug information

Low memory use during linkage Memory=high The occupied memory size is the same as usual.
Memory=low The occupied memory size is reduced.

User defined options: Specifies the command options.
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(8) Category:[Subcommand fil€]

standard Toolchain

Configuration

[SimDebue_Has-26004 =]

=3 All Loaded Praojects
El@ zample
D G zource file
[:l C++ zource file
D fzzembly source file
-1 Linkage symbal file

GiG+ | Assembly  Link/Library | Standard Library | GPU | Sim_¢| ¥ |

(05 GG O S L bcommand file

[~ Lse external subcommand file

Subammatd file path

| [Wadifi. |

Options Link.Library :
—-noprelink, —-ram=0=F -nomeszaee -
-

~ligt="$ (COMNFIGDIFE (PROJECTMNAME). map”™ —nooptimize
—start=PResetPRG Pt PRG/0400.P . CEDSEC.CEESES. D000,

0] 4 I Cancel I

Use exter nal subcommand file

Check Box Command Option

Function

E Subcommand

Specifies option by subcommand file

] -

Specifies no subcommand file
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424 Standard Library Generator Options
Select Standard Library Tab from the H8S,H8/300 Standard Toolchain dialog box.

(1) Category:[Mode]

0 Standard Toolchain
Gonfiguration : GG+ | Assembly | Link/Library  Standard Library | PO | Sim_ 4| ¥ |
| SimDebue_Has-2600A =l Category -
=53 All Loaded Projects . . - .
E@ p— fimde : IBUIH a library file ‘option changed? ;I

|:| G zource file
[:l T+ source file
-2 Azsembly source file

-1 Lirkage symbol file Lrary il -

[FCONFIGDIREPRO JECTNAMER b [Madiths. |

Cptions Standard Library :

—cpu=2600 424 a]
—output="HICONFIGDIRME(PROJECGTHAMEL ™
—head=runtime,new ztdio,stdlib ;I

0] 4 I Cancel I

Mode:
Dialog Menu Command Option Function
Build a library file(anytime) - Creates a new standard library
Build a library file(Option - Creates a new standard library when option is changed
Changed)
Use an existing library file - Links an existing standard library
Do not add a library file - Links no standard library
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(2) Category:[Standard Library]

0 Standard Toolchain

Configuration :

ISlmDebug_HES—EﬁDDH LI Category © | SEE =N =,
E@% Loaded Projects ~ Category :
= zample
B0 G source file lruntime : runtime routines o

-2 C++ source file Winew - Performs memory allocation and deallocation
-2 Azsembly source file

[:I Linkage =vmbal file

[ ctvpeh : Handles and checks characters

[Imathh : Performs numerical calculations such as trigonon
[ Imathih : Performs numerical calculations zuch ag trigonol
[ J=tdareh : Supportz access to variable argeuments for funct

[lotdic b - Parforme immnd faotnot hand lisa
il i 5

Enable all | Disableall |

Cptions Standard Library :

—cpu=2600 424 a]
—output="HICONFIGDIRME(PROJECGTHAMEL ™
—head=runtime,new ztdio,stdlib ;I

0] 4 I Cancel I

Category:

Dialog Menu

Command Option

Function

runtime Head=RUNTIME Specifies a run-time routine

new Head=NEW Specifies EC++ declared by new
ctype.h Head=CTYPE Specifies ctype.h

math.h Head=MATH Specifies math.h

mathf.h Head=MATHF Specifies mathf.h

stdarg.h Head=STDARG Specifies stdarg.h

stdio.h Head=STDIO Specifies stdio.h

stdlib.h Head=STDLIB Specifies stdlib.h

string.h Head=STRING Specifies string.h

ioS(EC++) Head=10S Specifies ios(EC++)

complex(EC++)

Head=COMPREX

Specifies complex(EC++)

string(EC++)

Head=CPPSTRING

Specifies string(EC++)

Rev.3.00 2005.09.12 4-54
REJ05B0464-0300
RENESAS



Section 4 HEW

(3) Category:[Object]

H8S,H8,/300 Standard Toolchain 21x

Ganfieuration : GG+ | Besembly | Link/Library Standard Library |GPU | Deb 4| ¥

IDebug LI

=33 All Loaded Prajects

-] © source file
-2 G+ zource file

EI@ Sample [~ NerdlD Optimization technology eeneration

[~ Generate reentrant library

Categary :

D Azzembly source file gection
-3 Linkaze symbol file |F‘rogram section (F) ;I Sioe s dee G-
IP IGDnst zection LI
Piul/Div operation specification : Group by alignment :
[Based on ANSIABbiHGbit=16bi  »| [Auto =l

Cutput file path :

[BCOMFIGDIRS(PROJECTHAMELb Modify.. |

Options Standard Library :

liks

—cpu=26004:24 —output="HICOMNFIGDIRMS (PROJECTHAMED. ;l
—head=runtime new stdioztdlib

[]

0].4 I Cancel |

Ver.4.0 Optimization technology generation (supported by the HEW Ver. 4.0 or later)

Check Box Command Option Function

@ legacy=v4 Output object which is compatible with that generated by Ver.4.0
optimization technology of H8S

D - Output object generated by Ver.6.1 optimization technology of
H8S

Generatereentrant library

Check Box Command Option Function

E reent Creates reentrant functions

D - NOT create reentrant functions
Section:

Dialog Menu Command Option Function

- section Changes the default section name

Storestring data in:

Dialog Menu Command Option Function
Const section string=const Outputs string literal to the constant area
Data section string=data Outputs string literal to the initialization data area
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Mul/Div operation specifications

Dialog Menu

Command Option

Function

Based on ANSI (Guarantee
16bit as a result of 16bit*16bit)

nocpuexpand

Develops multiplication or division in codes according to the
ANSI C language specifications

Non ANSI (Guarantee 32bit as
aresult of 16bit*16bit)

cpuexpand

Develops multiplication or division in codes according to the
CPU instruction specifications

Output file path

Dialog Menu

Command Option

Function

output

Specifies library file output directory

Group by alignment

Dialog Menu

Command Option

Function

None noalign Allocates defined variables in the defined order

Auto align Allocates variables so as to reduce space by boundary
alignment

4byte align=4 Divides a data section into 4,2,1-byte boundary alignment

section, and allocates into multiple of 4,2,1 address, in order
to improve the speed of access
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(4) Category:[Optimize]

Standard Toolchain

Configuration :

2l

GG+ | Assembly | Link/Library Standard Library |GPU | Deb ¢ *|

IDebug LI Categary :
E@ &1l Loaded Projects [ Optimization Eetail
E@ zample —I_
[ G source file Speed or size : [Size oriented aptimization |
[:I Gasee el ~ Speed submoptions © —————————— Suitch statement ;
|:| fzzembly source file FReeister < -
-1 Lirkage symbol file % i :I |F'.ut|:| LI
WSwitch judgement Furction call :
Wshift to multiple I@aa LI
[WiStruct azsignment = il Eaeces o
Tnlite functian : IDefauIt v| I@aa |
[ asimum : | Ti0== hodets) [ Zhoyte pointer
[T Generate file for inter-madule ootimization
Cptions Standard Library :
—cpu=2600 424 a]
—output="HICONFIGDIRME(PROJECGTHAMEL ™
—head=runtime,new ztdio,stdlib ;I
0] 4 I Cancel I

Optimization

Check Box

Command Option

Function

K

optimize=1

Specifies optimization

[

optimize=0

Specifies no optimization

Speed or size: Specifies the optimization format.

Dialog Menu

Command Option

Function

Size oriented optimization

Performs optimization in size

Speed oriented optimization

speed

Optimization for speed

Speed sub-  Register speed=register Performs register store/restore expansion by the PUSH and
options POP instruction at a higher speed
Switch speed=switch Develops the switch statement at a higher speed
judgement

Shift to multiple

speed=shift

Develops the shift operation at a higher speed

Struct speed=struct Performs the expansion of structures and substitution

assignment expression at a higher speed

Expression speed=expression Performs arithmetic operation, comparison, and substitution
expression processing at a higher speed

Loop speed=loopl Deletion of induction variables

optimization

Loop unrolling  speed=loop2 Deletion of induction variables and loop expansion

Inline function speed=inline Automatic inline expansion

Maximum:node [=<data>]

(s)
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Generatefilefor inter-module optimization

Check Box Command Option

Function

@ goptimize

Outputs inter-module optimization add-on information

] -

Outputs no inter-module optimization add-on information

Switch statement: Specifies the switch statement expansion method.

Dialog Menu Command Option Function

Auto case=auto Determines switch statement expansion method depending
on the speed option specification

If then case=ifthen Performs switch statement expansion in if_then method

Table case=table Performs switch statement expansion in table jump method

Function call: Selects the function call method.

Dialog Menu Command Option Function

@aa - Selects normal function call

@@aa:8 idirect=normal Selects memory indirect function call
@@vec:7 idirect=extended Selects extended memory indirect function call

Data access. Selects data access mode.

Dialog Menu Command Option Function

@aa - Selects normal data access

@aa:8 abs8 Selects 8-bit absolute address access
@aa:16 abs16 Selects 16-bit absolute address access

(a) [Details] Button: [Global variables] Tab

Optimize detailz

Global wariables | Mizcellaneous

Level :

—Contents :

[~ Treat global variables as volatile qualified

[~ Delete assignment to global variables before an infinite loop

Specify optimizing range : IF\II vI
Allocate registers to global variables : IDefauIt 'I
Propagate variables which are const qualified : IDefault 'I

0] 4 I Cancel
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Level: Specifiesthe level of external variable optimization

Dialog Menu Command Option Function
Level 1 Disables all of the external variable optimization.
volatile [Treat global ...] = [Checked]
infinite_loop=0 [Delete assignment ...] = [Not checked]
opt_range=noblock [Specify optimizing ...] = [No block]
global_alloc=0 [Allocate registers ...] = [Disable]
const_var_propagate=0 [Propagate variables ...] = [Disable]
Level 2 Optimizes external variables that do not have a volatile specifier.

Disables optimization of external variables which extend across loops or
branches.

[Treat global ...] = [Not checked]
[Delete assignment ...] = [Not checked]

novolatile

infinite_loop=0

opt_range=noblock [Specify optimizing ...] = [No block]

global_alloc=0 [Allocate registers ...] = [Disable]

const_var_propagate=0 [Propagate variables ...] = [Disable]

Level 3 Optimizes external variables that do not have a volatile specifier within
the entire function.

[Treat global ...] = [Not checked]
[Delete assignment ...] = [Not checked]

novolatile

infinite_loop=0

opt_range=all [Specify optimizing ...] = [All]

global_alloc=1 [Allocate registers ...] = [Enable]

const_var_propagate=1 [Propagate variables ...] = [Enable]

Custom - Optimizes external variables according to the options specified by user
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Treat global variables asvolatile qualified

Check Box Command Option Function
@ volatile Disables external variable optimization.
D novolatile Optimizes external variables that do not have a volatile specifier.

Delete assignment to global variables before an infinite loop

Check Box Command Option Function

E infinite_loop=1 Eliminates an assignment expression that is located immediately
before an infinite loop and that is an assignment to the external
variable that is not used in the infinite loop.

D infinite_loop=0 Disables elimination of an assignment expression for external
variables preceding an infinite loop.

Specify optimizing range

Dialog Menu Command Option Function
All opt_range=all Optimizes external variables within the entire function.
No loop opt_range=noloop External variables in a loop and external variables used in a loop

iteration condition are not to be optimized.

No block opt_range=noblock External variables extending across branches (including loops) are
not to be optimized.

Allocateregistersto global variables

Dialog Menu Command Option Function

Disable global_alloc=0 Disables allocation of external variables to registers.
Enable global_alloc=1 Allocates external variables to registers.

Default global_alloc=1 Allocates external variables to registers.

Propagate variables which are const qualified

Dialog Menu Command Option Function

Disable const_var_propagate=0  Disables constant propagation of external constants declared by
const.

Enable const_var_propagate=1  Performs constant propagation of external constants declared by
const.

Default const_var_propagate=1  Performs constant propagation of external constants declared by
const.
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(b) [Details] Button: [Miscellaneous] Tab

Optimize detailz

Global variables  Miscellansous I

Specify maximum unroll factor : IDefauIt LI | 1 :I
v #llocate regizters to struct/union members

[~ Inline memcpy/=tropy

0] 4 I Cancel

Delete vacant loop

Check Box Command Option  Function
@ del_vacant_loop=1 Eliminates the loop without statements inside.
D del_vacant_loop=0 Disables elimination of vacant loops, even when there is no statements

inside the loop.

Specify maximum unroll factor

Dialog Menu Command Option  Function
Default max_unroll=2 or 1 2 or 1 is assumed as the maximum number of loops to be expanded.
Custom max_unroll= Specifies the maximum number of loops to be expanded. An integer from

< numeric value >

1 to 32 can be specified for <numeric value>.

Allocate registersto struct/union members

Check Box Command Option  Function
E struct_alloc=1 Allocates structure/union members to registers.
D struct_alloc=0 Disables allocation of structure/union members to registers.

I nline memcpy/strcpy

Check Box Command Option  Function
E library=intrinsic Performs inline expansion for memcpy and strcpy.
D library=function Makes function calls for memcpy and strcpy.
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(5) Category:[Other]

Configuration

| Debue

El@ zample

[+

=3 All Loaded Praojects

L3 G zource file

[ G++ zource file

[0 Assembly source file
[:l Linkaee symbol file

G/G++ | Assembly | Link/Library Standard Library |GPU | Deb 4| ¥ ]

Categary :

Mizcellaneouz options :

2l

[ICheck against EC++  laneuaee specification -
[ Treat enum as char if it iz in the ranee of char

wllncreaze a register for register variable
[]Put common subexpression on & register temporarily

Uzer defined options :

Optiong Standard Library :

—cpu=26005:24
—output="FICONFIGDIR)#5(PRO JECTHAMEDN. lib™
—head=runtime,new,ztdio.stdlib LI

=
=
i
=

[ o |

Cancel I

Miscellaneous options:

Dialog Menu

Command Option

Function

Check against EC++ language
specification

ecpp

Checks syntax according to the EC++ language
specifications

Treate loop condition as volatile_loop Disables optimization of loop iteration condition.
volatile qualified
Treat enum as char ifitisin byteenum Handles enumeration-type data as char

the range of char

Increase a register for register
variable

Regexpansion
noregexpansion

Specifies the number of variable-allocation registers as 2
Specifies the number of variable-allocation registers as 3

Put common subexpression cmncode Improves the optimization function for common expression
on aregister temporarily deletion
Use EEPMOV in block copy eepmov Performs structure substitution
using the EEPMOV instruction
Treats loop condition as volatile_loop Disables optimization of loop iteration.

volatile qualified

Enable register declaration

enable_register

Preferentially allocates the variables with register storage
class specification to registers.

Obey ANSI specifications
more strictly

strict_ansi

Conforms to the ANSI standard for the following processing.
- Associative rule of floating-point operations

User defined options: Specifies the command options.
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425 CPU Options

Select CPU Tab from the H8S, H8/300 Standard Toolchain dialog box.

H&S,H8, 300 Standard Toolchain

Contfiguration :
IDebug

=

EI--@ All Loaded Projects
EI@ Sample
-] © source file
[:l G+ zource file
D Azzembly source fils
[:I Linkage =vmbol file

00 Advanced 16M byte

Hultiple/Divide = |Hene

Stack calculation : |Medium
[T Chanee number of parameter registers from 2{default) to 3
[T Treat double as float
[ Pazz struct parameter via register
[~ Pazs 4-byte parameterdreturn value via register
[T Use try, throw and catch of G+
[T Enablzfdizable runtime information

[~ Pack struct, union and class

2l

OJ’O++| fzzembly | Linkaibrar)-'I Standard Library CFU | Deb 4 I ’I

Specify SER address © [Default =] |

Bit field alloc—order : ILeft vl

0xFFFFO0—=]

Cancel

[ o ]

CPU: Specifiesthe CPU types.

CPU

Specification

Environment variable

Depends on environment variable H38CPU

H8SX Maximum 4G byte

cpu=h8sxx:32

H8SX Maximum 256M byte

cpu=h8sxx:28

H8SX Advanced 4G byte

cpu=h8sxa:32

H8SX Advanced 256M byte

cpu=h8sxa:28

H8SX Advanced 16M byte

cpu=h8sxa:24

H8SX Advanced 1M byte

cpu=h8sxa:20

H8SX Middle 16M byte

cpu=h8sxm:24

H8SX Middle 1M byte

cpu=h8sxm:20

H8SX Normal

cpu=h8sxn

H8S/2600 Advanced 4G byte

cpu=2600A:32

H8S/2600 Advanced 256M byte

CPU=2600A:28

H8S/2600 Advanced 16M byte

cpu=2600A:24

H8S/2600 Advanced 1M byte

CPU=2600A:20

H8S/2600 Normal

cpu=2600N

H8S/2000 Advanced 4G byte

cpu=2000A:32

H8S/2000 Advanced 256M byte

Ccpu=2000A:28

H8S/2000 Advanced 16M byte

cpu=2000A:24
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CPU

Specification

H8S/2000 Advanced 1M byte

CcpU=2000A:20

H8S/2000 Normal

cpu=2000N

H8/300H Advanced 16M byte

cpu=300HA:24

H8/300H Advanced 1M byte

cpu=300HA:20

H8/300H Normal cpu=300HN
H8/300 cpu=300
H8/300L cpu=300I
Multiple/Divide:
Dialog Menu Command Option Function
None cpu=[...]100 no multiplier and divider
Multiple and Divide cpu=[...][][MD] multiplier and divider specification
Multiple cpu=[...]0[M] multiplier specification
Divide cpu=[...]{][D] divider specification

Stack calculation:

Dialog Menu Command Option Function

Small STAck=Small Calculates stack address by 1 byte
Medium STAck=Medium Calculates stack address by 2 bytes
Large STAck=Large Calculates stack address by 4 bytes

Change number of parameter-passing registersfrom 2 (default) to 3

Check Box

Command Option

Function

K

regparam=3

Specifies the number of parameter-passing registers as 3

[

regparam=2

Specifies the number of parameter-passing registers as 2

Treat double asfloat

Check Box

Command Option

Function

K

DOuble=Float

Treats double type of variable/value as float type

[

Pass struct parameter viaregister

Check Box Command Option Function
E STRUctreg Allocates structure parameter to register
D NOSTRUctreg Allocates no structure parameter to register

Pass 4-byte parameter/return value via register

Check Box Command Option Function
E LONgreg Allocates 4 bytes parameter/return value to register
D NOLONgreg Allocates no 4 bytes parameter/return value to register
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Usetry,throw and catch of C++

Check Box Command Option Function
@ EXception Enables an exception processing function
D NOEXception- Disables an exception processing function

Enable/disable runtime infor mation

Check Box Command Option Function
E RTti=ON Enables dynamic_cast, typeid
D RTti=OFF Disables dynamic_cast, typeid

Pack struct union and class

Check Box Command Option Function
E PAck=1 Specifies the boundary alignment of structures, unions, and classes to 1
D PAck=2 Follows the boundary alignment number of data

Specify SBR address:

Dialog Menu Command Option

Function

Default -

The default 8-bit absolute address is assumed

Custom sbr=<address>

Specifies the start address of the 8-bit absolute area

Bit field allocation or der

Dialog Menu Command Option

Function

Left bit_order=left

Stores members from upper bit

Right bit_order=right

Stores members from lower bit

4.3 Building Existing Fileswith HEW

This section explains how to register as an HEW project files a series of load module creation procedures that has already

been prepared without using the HIM.

In HEW1.2, sample programs are supplied in the HEW directory \ToolsS\HITACHI\H8\3_0a_O\sample.

No. HEW1.2 File Description

1 init.c Initialization routine

2 vectbl.c Vector table settings

3 scttbl.c Section initialization routine

4 cmain.c Main function file

5 c2600a.sub Subcommand file for inter-module optimizer

Sample programs are not available with HEW?2.0 or later. Therefore the sample programs of user's own make should be
prepared or the following files to be generated when creating sample project should be used as sample programs.

Create a sample project by selecting Demonstration as the project type setting according to section 2.1.2, Creating a New

Workspace 2(HEW2.0 or later).
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No. HEW2.0 or later File Description

1 resetprg.c Initialization routine

2 intprg.c Vector table settings

3 dbsct.c Section initialization routine
4 main.c Main function file

5 2600a.sub(user's own make) Subcommand file

(1) Creating anew project

Create anew project according to section 2.1.1, Creating a New Workspace.

Select Empty Application as a project type.

(2) Selecting the CPU

Select the CPU type on the 1/9 screen.

Taaolchain werzion :
T |
Which CPU do wou want to use for this
project?

CPU Series:

2600
2000
300H

300 [
CPU Type:

Other

It there iz ho CGPU twpe to be selected, eelect
the “GPU Type” that a similar to hardware
specification or select “Other™.

| Mext > I Finish Cancel
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(3) Selecting global options
Select global options on the 2/9 screen.

<HEW1.2>

Specify global options.

Operating Mode:

Address Space: |16M byte VI
flerit of Library: ICode Size 'l

r Change number of parameter
registers from 2 (default) to 3

Required & Runtime Library:

chs2Galib
ecd?balib

[ Finish Cancel

<HEW?2.0 or |later>

21

Specify global options.

Operating Mode: Advanced

Address Space: I'I fiM byte vl

Multiple/Divide: | Mone =l

Merit of Library: IOode Size vl
Stack calculation: IMedium vl

Specify SER address
IDefauIt LI |H'EI

[1Chanee number of parameter registersﬂ

[1Treat double as float
[Pass struct parameter via register

[Pazs 4-byte parameterflfretum value vi "I
»

<

<Back [[ Mext> |  Fiish | Concel |

For details on changing the global options after initialization, refer to section 11.2.1, Output of “Undefined External
Symbol”.
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(4) Adding filesto the project
In the next step, use [Project > Add Files...] to specify the C source files to be added to the project.

Add thefilesinit.c, vectbl.c, scttbl.c, and cmain.c for HEW1.2 and resetprg.c, intprg.c, dbsct.c, and main.c for HEW2.0.

E:E'i: sample2 — Hitachi Embadded Workshop

|| i 8 2 pabuo gzl J
D& H @S5 eE |0 rw
x|

E@ sample?
E@ sample2
Ea Project Files
cmain.c
: - int.c
- sctible
wacthlc

N @ Projects l ] Mawigation I

5' Scanning Dependencies..
_| Scanning Dependencies Finished

Sl

[ 4] &1 Build A Finelin Files b, Version Contral 7

For Help, press F1 |———— AR p
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(5) Selecting compiler options

Use [Options->H8S,H8/300 C/C++ Compiler...] for HEW1.2 and [C/C++ Tab] [Category/Optimize] for HEW2.0 or later

to specify compiler options.

In this step, specify the output of an I nter-Module Optimization add-on information tool |herd.

<HEW1.2>

Ea CAC+H source file
=3 ¢ souree file

[ ] Default Optic
[ c++ source file

Source I Ohject I List

[¥ Cptimization

/.
[+ Generate file for inter—maodule optifnizationi

Function GAI : Data acocess :

=]/ [e= / =] [ea: —

Switch statement :

IAuto

/ o] I Cancel| I

/

<HEW2.0 or later>

standard Toolchain

Configuration :

G4+ |Too|cha Optian |

I Debue

i IOptimize

I~

=3 All Loaded Projects
=0 sample
=423 C source file
dhscte
intpre.c
resetpre.c

E]

shrk.c

D Default Options
-] C++ source file
-] Aszembly source file
-] Linkage symbal file

Details... |
[

IPuuto Yl

Switch statement :

tch judee ment

3
itt to multiple

[WiEtruct aszienment LI

Inline function : IDefauIt 'l
EEA T 0 I 11031 node (s I~ Zbyte pointer

¥ Generate file for inter-module optimization:
Options GAGH :

Function call :

I@aa VI
Data access :

@aa -

—cpu=2600/A:24 -object="$ (CONFIGDIR)¥SFILELEAF)obj” d
—debug —nolist —goptimize —chegincpath -lang=c -nologo _I
0K I Cancel |
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(6) Specifying a subcommand file for the inter-modul e optimizer

Use [Options->H8S,H8/300 IM OptLinker...] for HEW1.2 and [Link/Library Tab] [Category/Subcommand file] for
HEW2.0 or later to invoke an HEW option dialog box for the specification of a subcommand file for the inter-module
optimizer.

<HEW1.2>

00 Optlinker options(Debug)

Subcommand file

Subcommand file path :
;C:¥samp|92¥samp|92¥c:25|30a.sub

QF Cancel

/VF; Use external subcommand file

Check |herd to display a Subcommand file tab.

<HEW2.0 or later>

00 Standard Toolchain
Configuration : G/C++ | Assembly Link/Library | Standard Library | GPU. | Sim 4]
IDebug ;I Categary |Subcommand file ;I
BRI Al Loaded Proj
EI@ zample
B3 G saurce fils
" doscte ¥ Use external subcommand file

-5 intprec

rezetprec Subcammand file path :
samplec |e¥Hew3¥zample¥sample¥c2600asub
-] sbrk.c

D Default Options
B G+ source file
-] Aszembly source file
B+ Linkaes symbal file

Options LinkLibrary -

—zUbcomahd=c¥ Hew¥zample¥sample¥c2600a sub d
=
(814 Cancel |
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(7) Executing the building process

Executing the building process generates the load module.

i sample - High-performance Embedded Workshop - [dbsck.c] - |E||1|
s+ Flle Edit Yiew Project Options Buld Debug Memory Tools Window Help -|ﬁ'|l|
oemg@g/s=etTa||ora|s|E@2tne 2| =" BN
| Bl Hm G S & HJ@ [simDebug_Hes-2600 ] |[DetauitSession
|jmesnssts | HfRaaveeo. |[BEe 255 O
EEODEINRDELEE
i
E‘@ sample ﬂ :;:HGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHG*********************************WHWHHHWHWHH =
E-E sample e FILE sdbsct.c
Ea Azzembly = /4 DATE | sThu, Oct 02, 2003
; /# DESCRIPTION :3ettinz of B,R Section
;* CRU TYPE tHES/2E12
£
/4 This file is zenerated by Renesas Project Generator (Wer.3.
RE
R 0 0 R R R
KN _>I_I

i+ dbscte

ZlPhase HES.HB/300 C/C++ Compiler starting
. Ci¥Hewd¥zample¥sample¥dbectc
Phaze HES5H3/300 CAC++ Compiler finizhed

| »

Build Finighed
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Note:  An error may occur if the user uses the subcommand file for the inter-module optimizer supplied as a sample of
this product.

Thisis because the standard library has not been specified and the CPU information check file has not been
defined in an appropriate directory.

To avoid this error, copy the subcommand file and CPU information check file and specify the standard library.

Rev.3.00 2005.09.12 4-71
REJ05B0464-0300
RENESAS




Section 4 HEW

Rev.3.00 2005.09.12 4-72
REJ05B0464-0300
RENESAS



Section 5 Using the Optimization Functions

Section 5 Using the Optimization Functions

Once an operating load module has been prepared, the performance of the object program need to be improved to make
the load module be more efficient and effective.

There are four approaches to improve the performance of an object program:

(i) Performs optimization by using various options.

(ii) Performs optimization by using the inter-modul e optimizer.
(iii)Performs optimization by using expansion functions.
(iv)Performs efficient programming by modifying codes.

Use the procedure below:

* What compile options is specified?
1L \
*  What inter-module optimization functions are used? ——— Section 5
1T /'
¢ What expansion functions can be used?

J L
¢ Any code to be improved upon? —» Section 6

This section explains the options to be specified at creating aload module, the expansion functions to be used, and the
options of the inter-module optimizer to be used.

The following table lists the optimization functions supported by the compiler:
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Section 5 Using the Optimization Functions

No. Optimization Function Specification Mode Size Speed

1 Uses the 1-byte enum type Option (0] (@)

2 Extended interpretation of multiplication/division specifications Option (0] (@)

3 Specifies the number of parameter-passing registers Option A A

4 Increases the number of variable-allocation registers Option A A

5 Optimization of external variables Option - -

6 Block transfer instruction Option X (@)

7 SPEED option Option X (0]

8 Allocates global variables to registers Expansion function A A

9 Controls the output of register save/restore codes at function  Expansion function (0] (@)

entry and exit points

10 Specifies the inline expansion of a function Expansion function X (0]

11 Inline expansion of an assembly language function Expansion function X @)

12 Uses 8-bit absolute address areas Option/expansion (0] (@)
function

13 Uses 16-bit absolute address areas Option/expansion (0] (@)
function

14 Allocates to a memory indirect area Option/expansion (0] X
function

Legend:

O: effective; A: effective for some programs; X: reduces efficiency

The following table lists the optimization functions supported by the inter-modul e optimization tool:

No. Description Specification Mode
1 Unifies constants and character strings Option
2 Deletes unreferenced variables and functions Option
3 Optimizes access to variables Option
4 Optimizes access to functions Option
5 Re-allocates registers Option
6 Eliminates same codes Option
7 Optimizes branch instructions Option

This section describes these optimization functions, dividing them into two groups, the optimization for size and that for
speed. The specification of each function is examined according to the following flowchart:
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<Specification procedure at optimization for size>

Specifies options Uses the 1-byte enum type

Specifies expanded interpretation of multiplication/division

Specifies the number of parameter-passing registers

Increases the number of variable assignment registers

Provides inter-module
optimization

Uses the inter-module optimization tool features

Uses CPU-specific Reviews the way 8-bit absolute address areas are specified

instructions

Reviews the way 16-bit absolute address areas are specified

Reviews the way assignments are made to memory indirect
areas

Specifies expansion Assigns global variables to registers

functions

Controls the output of register save/restore codes at function
entry/exit points

F3 § 33 4 5333
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<Specification procedure at optimization for speed>

| Specifies options p Specifies the SPEED option
—p| Uses the 1-byte enum type
P Specifies expanded interpretation of multiplication/division
—p Specifies the number of parameter-passing registers
— Increases the number of variable assignment registers
—> Specifies the block transfer instruction
Provides inter-module > Specifies inter-module optimization for speed
optimization
—P Specifies inter-module optimization for all items
Uses CPU-specific P Reviews the way 8-bit absolute address areas are specified
instructions
—»| Reviews the way 16-bit absolute address areas are specified
— Reviews the way global variables are assigned to registers
Specifies enhanced g
features
—» Controls the output of register save/restore codes at function
entry and exit points
—| Reviews the ways functions are inline-expanded
> Reviews the way Assembly-coded inline expansions are

specified
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51 Optimization for Size
In this section, a common benchmark program, Dhrystone Ver.2.1 is used as a sample program.

The data of size and speed given below reflect the results of a compilation in the H8S/2600 advanced mode.

511 Default Compilation
First, compile a program without any optimization option.
The following table shows the results of the object size and the execution cycle count:

Optimization Function Size (ROM) No. of Execution Cycles
None (default) 3048 1580

Even if no optimization option is specified, the compiler performs basic optimization tasks because several optimization
options are enabled by default.

51.2 Without Optimization Specification

When the optimization is not specified, the results are as follows:

Optimization Function Size (ROM) No. of Execution Cycles
None (default) 3048 1580
No optimization 3582 1713

[Specification method]
Dialog menu: C/C++Tab Category: [Optimize], turn off the Optimization checkbox.

Command line: optimize=0

51.3 Optimization Tuning
(1) Specifying the 1-byte enum type
Thisoption isvalid only for a program containing enum-type data, however, we recommend to always specify it.

The object size and execution cycle count are as follows:

Optimization Function Size (ROM) No. of Execution Cycles
None (default) 3048 1580
1-byte enum-type specification 3050 1580

[Specification method]
Dialog menu: C/C++Tab Category: [Other], select Treat enum aschar if it isin therange of char for
Miscellaneous options

Command line: byteenum

For further details, refer to section 5.4.1, Using 1-Byte enum Type.
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(2) Specifying the number of parameter-passing registers

Increase the number of parameter-passing registers from 2 to 3, which resultsin the following performance characteristics:

Optimization Function Size (ROM) No. of Execution Cycles
2 parameter-passing registers 3048 1580
3 parameter-passing registers 3034 1528

[Specification method]
Dialog menu: On CPU tab, select Change number of parameter registersfrom 2 (default) to 3

Command line: regparam=3

These performance characteristics are related to the number of function parametersin the program. Choose between the 2
and 3 options by determining the number of parameters that are allocated to registers, the number of available registers,
and the types of available registers.

If it isnot possible to check all parameters, try different options and select the one that produces the smallest object size.

When combined with the specification of the 1-byte enum type, thisitem resultsin the following performance
characteristics:

Optimization Function Size (ROM) No. of Execution Cycles
Default 3048 1580
1-byte enum type 3034 1527

+3 parameter-passing registers

For further details, refer to section 5.4.3, Specifying the Number of Parameter-Passing Registers.

(3) Expanding the number of variable-allocation registers

By default, the compiler uses registers [E]R3 to [E]R6 as variable-allocation registers.

When this option is disabled, the compiler uses registers [E]R4 to [E]R6 as variable-allocation registers.

The following lists the performance characteristics of these two specifications:

Optimization Function Size (ROM) No. of Execution Cycles
Register variables [E]R3 to [E]R6 3048 1580
Register variables [E]R4 to [E]R6 3048 1580

[Specification method]
Dialog menu: C/C++Tab Category: [Other], select Increase aregister for register variable for Miscellaneous
option

Command line: regexpansion

In this program, there is no difference. However, unless an expression statement is too complicated, the greater isthe
number of variable-allocation registers, the higher is the performance of the compiler in terms of object size.
In H8S V6.01, this option is not supported, so there is no difference in the performance.

For further details, refer to section 5.4.4, Increasing the Number of Variable-Allocation Registers.
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(4) Optimization of external variables

The following table compares the results where the optimization of external variablesis specified or disabled:

Optimization Function Size (ROM) No. of Execution Cycles
External variable optimization enabled (novolatile) 3048 1580
External variable optimization disabled (volatile) 3076 1592

[Specification method]
Dialog menu: C/C++Tab Category: [Optimize], [Details...][Global variables]
[Treat global variables asvolatile qualified]

Command line: volatile

Note that some external variables should not be optimized:

(Example 1) (Example 2)
in; a; volatile int a;
}/mdf() void f()
a=1; ~ First substitute is deleted t a=1;
a=2; a=2;
} }

In Example 1, two substitutes are made consecutively to the variable a, which resultsin the deletion of the first substitute
statement due to optimization. However, if an interrupt occurs between the two substitute statements and the value of a is
referenced, the result will bein error.

When the volatile is specified, optimization is disabled and the code for the first substitute statement is generated, which
avoids this problem. However, this approach disables the optimization of all external variables, which significantly
reduces object performance.

To disable the optimization only for the appropriate external variables, specify avolatile declaration, in the source
program, on the variables and I/O registers that are used in interrupt functions, as shown in Example 2. In thisway,
compile the program by turning off this option.

For further details, refer to section 5.4.5, Optimization of External Variables.
(5) Extended interpretation of multiplication/division specifications

An expanded interpretation of multiplication/division code expansion from the ANSI standard results in the following
performance characteristics:

Optimization Function Size (ROM) No. of Execution Cycles
ANSI compliant 3048 1580
Extended interpretation 3048 1580

[Specification method]

Dialog menu: C/C++Tab Category: [Object], select Non ANSI (Guarantee 32bit asaresult of 16bit* 16bit) for
Mul/Div operation specification.

Command line: cpuexpand
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In this program, the extended interpretation did not produce any significant performance difference.

However, an extended interpretation of the multiplication/division code can produce different computational results
because the range of extended interpretation differs from that guaranteed in the language specifications. Therefore, the
extended interpretation should be used only when it is deemed appropriate.

For further details, refer to section 5.4.2, Extended Interpretation of the Multiplication/Division Specifications.

514 Using the Inter-Module Optimization Features
By using the inter-modul e optimizer, a size-efficient object can be created more effectively.

Before specifying optimization with the inter-modul e optimizer, specify the output of an inter-modul e optimization add-on
information file in either the compiler or cross assembler.

[Specification method]

C/C++ Compiler
Dialog menu: C/C++Tab Category: [Optimize], select Generate file for inter-module optimization

Command line: goptimize

Cross Assembler
Dialog menu: Assembly Tab Category: [Object], select Generatefile for inter-module optimization

Command line: goptimize

In HEW1.2, an inter-modul e optimization add-on information file is also supplied for the standard library that is linked
during inter-module optimization. Asthisfileis supplied in the compressed form in the Windows version, decompress it
before using.

By double-clicking on the compressed file (*.exe) that has the same name as the library name to be used; thefileis self-
extracted and a directory containing the information file is created.

For details on the inter-module optimization of thislibrary, refer to the Supplement to the H8S, H8/300 Series C/C++
compiler.

In HEW2.0 or later, the inter-module optimization features of Standard Library Generator should be used to create the
library. By checking Standard Library Tab Category:[Optimize] Generatefilefor inter-module optimization, an
inter-module optimization add-on information file is output.

(1) Default optimization

The inter-module optimizer supports the following optimization functions:

No. Description Dialog Menu Subcommand Option
1 Unifies constants/strings Unify strings String_Unify

2 Deletes unreferenced variables/functions  Eliminate same code Symbol_delete

3 Optimizes access to variables Use short addressing Variable_access

4 Optimizes access to functions Use indirect call/jump Funcation_call

5 Reallocates registers Reallocate registers Register

6 Eliminates dead code Eliminate dead code Same_code

7 Optimizes branch instructions Optimize branches Branch
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The following shows the most efficient optimization specifications with the compiler:

Optimization Function Size (ROM) No. of Execution Cycles

Valid compiler optimization options: 3034 1527
1-byte enum type specification
+3 parameter-passing registers

In the inter-modul e optimizer, no optimization is performed by default if HEW is used and a simply linked moduleis
produced. Therefore, the default produces the same result as the compiler optimization.

(2) Specifying inter-module optimization items

(@) Specify the optimization items for the inter-modul e optimizer one by one:

Optimization Function Inter-Module Optimization Size (ROM) No. of Execution Cycles
Compiler optimization options - 3034 1527
specified Unifies constants/strings 3034 1527
Deletes unreferenced variables/ 3034 1527
functions
Optimizes access to variables 2970 1513
Optimizes access to functions 3024 1538
Reallocates registers 3018 1535
Eliminates dead code 3034 1527
Optimizes branch instructions 3034 1527
(b) Enabling all inter-module optimization features
Enable all inter-module optimization features.
Optimization Function Inter-Module Optimization Size (ROM) No. of Execution Cycles
Compiler optimization options - 3034 1527
specified Optimizes all 2946 1517

When this function is specified, optimization is performed even to the items which should not be optimized. In this case,
specifying the _list option (_mlist option for HEW1.2) outputs al the symbols that have been deleted or relocated by the
optimization process. Specify the symbols on which optimization should be disabled in the format of

symbol_forbid xxxx. This specification should be made upon careful consideration of the symbols.
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515 Selecting Expansion Functions
(1) Allocating registersto global variables

By using #pragma global _register to assign external variables to fixed registers, the program size for access to variables
can be reduced.

Variablesto be allocated to the register is selected as follows:

Selects variables of the size that can be assigned to registers.

l
Check the number of times each variable is accessed.

This can be checked by specifying the output of an optimization information list in the linkage editor (the inter-module
optimizer for HEW1.2).

[Specification method]
Dialog menu: Link/Library Tab Category: [List] Generatelist file
Link/Library Tab Category: [List] Contents: Show reference

Subcommand: list
show reference

Thefollowing fileis created as aresult:

*** \ariable Accessible with Abs8 ***

SYMBOL SIZE  COUNTS OPTIM ZE
_Ch_1._dob

1 4
_Ch_2_dob

1 2

*** Variable Accessible with Absl6 ***

SYMBOL Sl ZE COUNTS OPTIM ZE
_Ptr_dob

4 4
_Next _Ptr_d ob

4 2
_Int_dob

2 6
_Bool _d ob

2 2
_Arr_2 Gob

1388 1

_flrod

3 2
_brk

4 2

Asthe global registers are ER4 and ER5, atotal of 8 bytes of data can be allocated.

The following is the explanation for the register alocation of the variables Int_Glob and Ptr_Glob which are most
frequently accessed. Even when these variables are all ocated, the registers can accommodate 2 additional bytes.
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Allocate the variables Ch_1 Glob and Ch_2_Glob to the remaining 2 bytes:

ER4 Int_Glob Ch_1_Glob : Ch_2_Glob

ERS Ptr_Glob

Specify asfollows:

#pragma global_register(Int_Glob=E4,Ch_1_Glob=R4H,Ch_2_Glob=RA4L,Ptr_Glob=ER5)

The following compares the result with the default:

Optimization function Size (ROM) No. of Execution Cycles
None (default) 3048 1580
#pragma global_register 2940 1512

In the above example, the object size is reduced and the execution speed isimproved. However, in some cases, the
alocation of external variables to registers may cause a shortage of work registers and other variables may be allocated to
memory, which degrades the object performance.

Therefore, be careful at using this function.

The table below shows the results of combining size-efficient compiler options (1-byte enum type and 3 parameter-passing
registers specified) with the variable-to-register assignment option.

Optimization Function Size (ROM) No. of Execution Cycles
Default 3048 1580
#pragma global_register 3010 1487

For further details, refer to section 5.4.8, Allocating Registersto Global Variables.

Note that global registers cannot be specified when alibrary is specified as the object of inter-module optimization in the
inter-modul e optimization process. Therefore, this specification is not made in this section.

(2) Controlling the output of register savelrestore code at function entry and exit points

The #pragma regsave statement declares the function that saves/restores all registers. It also generates an object that does
not allocate guaranteed registers ([E]R2 to [E]R6) beyond function calls.

The #pragma noregsave statement declares the function that does not save/restore any register. This statement is also used
asthefirst function to be started without being called by other functions; it is also used as function that is called by a
function specifying #pragma regsave.

To use these features, create afunction call relational diagram.

In HEW2.0 or later, the call relationships among the functions can be examined by outputting available stack space
information file in creating the relational diagram and reading the information file into the simulator-debugger.

For a description of how to output the available stack space information file, select [Options->H8S, H8/300 Standard
Toolchain...->Link/Library Tab] Category:[Other] Stack information output.
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In the case of Dhrystone Ver.2.1, the following relationship holds:

mai n:

mal | oc

strcpy:

Proc_1:
Proc_3:

Proc_7:
Proc_6:
Func_3:

Proc_7:

Func_2:
Func_1:
strcmp:

Func_1:

Proc_8:

Proc_7:

Proc_6:
Func_3:

Proc_5:

Proc_4:

Func_2:

The function to be declared by #pragma noregsave:

Because main() is the function that performs the first processing, it is not necessary to save/restore any register used before
that function. Therefore, thisfunction is declared in the #pragma noregsave statement.

If the main() includes function calls only, all the functions called from main() can be declared in the #pragma noregsave
statement.

<inc.h>

#pragma nor egsave (nain)

<dhrystone?1.c>

#i nclude "inc.h"

The execution results are as follows:

Optimization Function Size (ROM) No. of Execution Cycles
None (default) 3048 1580
#pragma noregsave specified 3030 1580

Functions that are declared in the #pragma regsave/noregsave statement:
Check that there is any function, other than the main function, that only performs function calls.

Suppose that the interrupt function intr1 only performs function calls with the following calling relationship:
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intrl: Assurme that procl, proc2,
procl: and proc3 are not called by
funcil: any other functions.
proc2:
proc3:

Declareintrl() in the #pragma regsave statement.

Similarly, declare proci(), proc2(), and proc3() in the #pragma noregsave statement.

In this manner, register save/restore for three functions can be replaced by register save/restore for one function.
The following table shows the execution results when a combination of effective options (1-byte enum type and 3

parameter-passing registers specified) is specified with the inter-modul e optimization and the #pragma noregsave
statement in the previous Dhrystone Ver.2.1 program:

Optimization Function Size (ROM) No. of Execution Cycles
None (default) 3048 1580
#pragma noregsave specified 2944 1517

Compiler options
Inter-module optimization

For further details, refer to section 5.4.9, Controlling Output of Register Save/Restore Codes at the Function Entry/Exit
Paints.

5.1.6 Using CPU-Specific Instructions
(1) Allocating to a short 8-bit absolute area

The following shows the results when data of the char/unsigned-char typeis accessed with 8-bit absolute addresses.

Optimization Function Size (ROM) No. of Execution Cycles
None (default) 3048 1580
8-bit absolute address specified 3014 1566

Note: In this case, when the 8-bit absolute address area is exceeded when a short 8-bit absolute address area
assignment is specified as an option, the simulator does not operate correctly due to an insufficient area and the
number of execution cycles cannot be measured.

[Specification method]
Dialog menu: C/C++ Tab Category: [Optimize], select Data access @aa: 8

Command line: abs8

The short 8-bit absolute address area must be allocated within the memory range H'FFFFO0 to H'FFFFFF. If thisrangeis
exceeded, all sectionsin the $SABS8 cannot be allocated to the short 8-bit absolute address area.

Therefore, do not specify the abs8 option to the entire file but choose variables to be all ocated to the short 8-bit absolute
address area.

The criteria are variables that can fit within the area and receives frequent access.
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The sizes of variables can be checked with a compiler-output object list, while the number of accesses can be checked with
an optimization information list that is produced by the inter-modul e optimizer.

Specify the use of the short absolute address area with the optimization option of the inter-modul e optimizer, and examine
the resulting optimization information list:

*** Variable Accessible with Abs8 ***

SYMBOL SIZE ~ COUNTS OPTIM ZE
_Ch_1 dob

1 4
_Ch_2_dob

1 2

Thisfile indicates the number of times variables are referenced.

Based on thisinformation, make an appropriate specification in the #pragma abs8 statement:

#pragma abs8 (Ch_1_Glob,Ch_2_Glob)

The execution results are as follows:

Optimization Function Size (ROM) No. of Execution Cycles
None (default) 3048 1580
#pragma abs8 specified 3014 1566

If there are many other variables that can be allocated to the 8-bit absolute address area, check the number of accesses and
assign the variables that receive the largest number of accesses.

In addition, specify some options to reduce the object size.

Optimization Function Size (ROM) No. of Execution Cycles
None (default) 3048 1580
#pragma abs8(Char1Glob,Char2Glob) 2944 1517

+#pragma noregsave specified
+Compiler option
+Inter-module optimization

It isclear that the above specifications yield dightly better results.
For further details on abs8, refer to section 5.4.11, Using 8-Bit Absolute Address Area.
(2) Allocating to a short 16-bit absolute address area

Generate codes to perform access with a 16-bit absolute address.

Optimization function Size (ROM) No. of Execution Cycles
None (default) 3048 1580
abs16 option 2988 1558
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[Specification method]
Dialog menu: C/C++ Tab Category: [Optimize], select Data access @aa: 16

Command line: abs16

The 16-bit absolute address area must be allocated in the memory ranges H'000000 to H'007FFF and H'FF8000 to
H'FFFFFF.

Initially, specify absl6 as an option, which reveals what variables can be allocated to the ABS16 section. If the variables
can fit within the range, they can be specified directly in the option. However, if there is any variable exceeding the range
because the 16-hit absolute address overlap with many other areas, specify the #pragma absl6 statement in the main body
of the program.

Check the access counts for the symbols with the optimization information list generated by the inter-modul e optimizer
and assign the variables with large numbers of accesses to the ABS16 section.

When the use of the short absolute address mode is specified in the optimization option of the inter-module optimizer, the
access counts can be examined as follows:

*** Variable Accessible with Absl6 ***

SYMBCOL SI ZE COUNTS OPTIM ZE
_Ptr_dob

4 4
_Next _Ptr_d ob

4 2
_Int_dob

2 6
_Bool _d ob

2 2
_Arr_2 dob

1388 1

_flrod

3 2
_brk

4 2

Based on the above results, specify the variables to be allocated to the 16-bit absolute address area in the #pragma abs16
Statement:

#pragma abs16 (Int_Glob,Bool_Glob,Arr_2_Glob,Ptr_Glb,Next_Ptr_Glob)

Optimization Function Size (ROM) No. of Execution Cycles
None (default) 3048 1580
abs16 option 2998 1558
#pragma abs16 specified 3012 1575

When the #pragma abs8 specification mentioned above is added, the execution results are as follows:
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Optimization Function Size (ROM) No. of Execution Cycles
None (default) 3048 1580
abs16 option 2988 1558
#pragma abs16 specified 3012 1575
#pragma abs16 + 2980 1561

#pragma abs8 specified

Next, examine whether the variable Int_Glob and Ptr_Glob should be allocated to the 16-bit absolute address area or to a
global register. When combined with the options that have proved efficient, the following results are provided:

Optimization Function Size (ROM) No. of Execution Cycles
None (default) 3048 1580
#pragma abs16 (Bool_Glob, Arr_2_Glob, 2920 1484

Next_Ptr_Glob Ptr_Glob,Int_Glob)
+#pragma abs8(Ch_1_Glob,Ch_2_Glob)
+#pragma noregsave specified
+Compiler options

#pragma 2958 1486
global_register(Int_Glob=E4,Ptr_Glob=ER5)

+#pragma abs16 (Bool_Glob, Arr_2_Glob,

Next_Ptr_Glob)

+#pragma abs8(Ch_1_Glob,Ch_2_Glob)

+#pragma noregsave specified

+Compiler options

The resultsindicate that it is more efficient to allocate the variables Int_Glob and Ptr_Glob to the 16-bit absolute address
areainstead of global registers.

For further details of the abs16 specification, refer to section 5.4.12, Using 16-bit Absolute Address Area.

Variables may be allocated to either the 8-bit or 16-bit absolute address area by the inter-modul e optimizer according to
the CPU capacity.

(3) Allocating to amemory indirect area
Function calls are performed in the memory indirect format with this specification.
To reference the output object, specify list output as well.

The following table shows the result when the memory indirect area assignment option is specified by default (size
efficient):

Optimization Function Size (ROM) No. of Execution Cycles
Default 3048 1580

Memory indirect area assignment 2994 1599

specification

[Specification method]
Dialog menu: C/C++ Tab Category: [Optimize], select Function call: @@aa: 8

Command line: indirect

Runtime routines can also be alocated to this area.
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When the #include <indirect.h> statement is specified, a runtime routine call is performed as a memory indirect call.

If the output of stack frame information is specified when the output of an object list is specified with the compiler, a
runtime routine called in the functionsiis displayed.

Function (File hv2l1_dhry_, Line 309): Proc_1

Optimze Option Specified : No Allocation Infornmation Avail able

Paraneter Area Size : 0x00000000 Byte(s)
Li nkage Area Size : 0x00000004 Byte(s)
Local Variable Size : 0x00000000 Byte(s)
Tenporary Size : 0x00000000 Byte(s)
Regi ster Save Area Size : 0x0000000c Byte(s)
Total Frame Size : 0x00000010 Byte(s)

Used Runtinme Library Name
$MWN$3

Asaresult, the call $MVN$3 has become a memory indirect call.
For specifying functionsindividually, specify #pragmaindirect MV N$3.

Because the memory indirect areais allocated in the range from 0x00000000 to 0x000000ff, all functions can be assigned
inthis area.

At thistime, note that this area overlaps with the exception processing vector area.
It is necessary to divide the section in order to avoid overlapping at the assignment.

In this case, the function can fit within the area, however, if the INDIRECT section exceeds the memory indirect area,
those functions that receive frequent accesses should be assigned individually using the #pragma indirect statement. In
addition, use the #pragma indirect section statement to divide the section at the assignment.

This option specification is the same as the following:

#pragma

i ndi rect (main, mal | oc, Procl, Proc2, Proc3, Proc4, Proc5, Proc6, Proc7, Proc8, Funcl,
Func2, Func3)

#pragma indirect $M/N$3

When combined with the options that have proved efficient, the following results are provided:

Optimization Function Size (ROM) No. of Execution Cycles
None (default) 3048 1580
#pragma abs8(Ch_1_Glob,Ch_2_Glob) 2902 1496

+#pragma abs16 (Bool_Glob,
Arr_2_Glob, Ptr_Glob, Next_Ptr_Glob)
+#pragma noregsave specified
+Compiler options

+inter-module optimization functions
+#pragma indirect specified

For further details, refer to section 5.4.13, Using Indirect Memory Format.

Function calls may be performed in the memory indirect format with the inter-modul e optimization features according to
the CPU capacity, even if this option is not specified.
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52 Optimization for Speed

521 Specifying the SPEED Option
To provide the optimization for speed, specify the SPEED option.

The execution results are as follows:

Optimization Function Size (ROM) No. of Execution Cycles
Default 3048 1580
SPEED option 3420 1325

[Specification method]
Dialog menu: C/C++ Tab Category: [Optimize], select Speed or size Speed oriented optimization

Command line: speed

Asaresult, the speed isimproved by 255 execution cycles though the object size isincreased by 372 bytesin the program
Dhrystone Ver.2.1.

(1) Selecting sub-options
When the SPEED option is specified, optimization for speed is performed, that may result in a size increase.

To avoid this problem, it may be necessary to provide detailed specifications using the tuning procedure. The
recommended way is to use the effective functions of the various sub-options. The sub-options to be specified can be
determined by combining their effects so that the size of the program will fit the target ROM size. Refer to the following
data from the program Dhrystone Ver.2.1:

Optimization Function Size (ROM) No. of Execution Cycles
All specified 3420 1325
Register 3048 1580
Shift to multiple 3048 1580
Struct assignment 3074 1527
Switch judgement 3048 1580
Maximum nodes of inline function(105) 3314 1437
Loop optimization 3048 1580
Expression 3080 1526

Note: On the H8/300 and H8/300H, when the Register is not specified, the compiler performs the register save/restore
task with a function call (using the runtime routine library). When the Register is specified, the compiler generates
the PUSH/POP instruction instead of using a function call.

On the H8S/2000 and H8S/2600 Series, the register save/restore task is always performed by the STM/LDM
instruction. (or the PUSH/POP instruction depending on the register involved). Therefore, in this case a Register
specification will have no effect.

The following shows the execution results when the Register is specified in the H8/300H advanced mode:

Optimization Function Size (ROM) No. of Execution Cycles
All specified 3422 1598
Register 3262 1721
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The number of function nodes that should be automatically inline-expanded is specified with the Maximum nodesiif
inline function.

The number of nodes indicates the units of the compiler internal processing, which cannot accurately be checked.
However, generally the larger the size of afunction is, the greater the number of nodesis. The default is a node count of
105.

To disable the inline expansion (a node count of 0), turn off the specification.

The following shows the execution results when the number of nodesis set to 0, the default value, and the maximum
value:(The range from 1 through 65535 can be selected as the number of nodes.)

Optimization Function Size (ROM) No. of Execution Cycles
Maximum nodes of inline function(1) 3052 1549
Maximum nodes of inline function(105) 3314 1437
Maximum nodes of inline function(65535) 3314 1437

Sometimes, specifying the inline expansion to all functions may reduce efficiency not only in size but also in speed. It is
because the increase of the function size disables optimization.

When using automatic inline expansion, be careful not to increase the number of nodes as much as possible. If a specific
function must be inline expanded, specify it in the #pragmainline statement for efficiency.

For further details on the SPEED option, refer to section 5.4.7, speed Option.

522 Tuning the Optimization Options
(1) Using the block transfer instruction (eepmov)
Use the block transfer instruction (EEPMOV) for the substitute of structures.

The following shows the execution results:

Optimization Function Size (ROM) No. of Execution Cycles
SPEED option 3420 1325
SPEED option+block transfer instruction 3366 1285

[Specification method]
Dialog menu: C/C++ Tab Category: [Other], select Use EEPMOV in block copy for Miscellaneous option

Command line: eepmov
The EEPMOV instruction includes the following restrictions with the CPU-specification:
EEPMOV.B - Does not detect interrupt other than NMI.
EEPMOV.W -, Does not detect interrupt other than NMI.

If an NMI interrupt occurs during this instruction execution, transfer results are not guaranteed.
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Open the compile list to search for the EEPMQV instruction in the object list. Make sure that the EEPMOV instruction is
not influenced by the above usage restrictions.

When the EEPMOV instruction is used for the data transfer of specific structures rather than the entire file, use the built-in
function eepmov();.

For further details, refer to section 5.4.6, Block Transfer Instruction.
(2) Tuning of other optimization options
The following describes the specification combined with the options that have proved efficient in size.

First, specify the 1-byte enum type.

Optimization Function Size (ROM) No. of Execution Cycles
SPEED option 3420 1325

SPEED option 3366 1285

+block transfer instruction

SPEED option 3392 1296

+block transfer instruction
+1-byte enum type

The execution speed reduced dightly.

Next, specify three parameter-passing registers:

Optimization Function Size (ROM) No. of Execution Cycles
SPEED option 3420 1325

SPEED option 3366 1285

+block transfer instruction

SPEED option 3348 1249

+block transfer instruction
+3 parameter-passing registers

The execution speed isimproved.

Then, specify a variable-allocation register count:

Optimization Function Size (ROM) No. of Execution Cycles
SPEED option 3420 1325

SPEED option 3366 1285

+block transfer instruction

SPEED option 3366 1285

+block transfer instruction
+no variable-allocation register count
extension

Based on these results, the options of a block transfer instruction specification and three parameter-passing registers
specification can be determined to be appropriate. For further details, refer to section 5.4.3, Specifying the Number of
Parameters-Passing Registers.
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523 Using the Inter-Module Optimization Features

This section describes the optimization using the inter-modul e optimizer to obtain an object program with higher
execution efficiency.

Before performing optimization using the inter-modul e optimizer, specify the output of an inter-module optimization add-
on information file in the compiler or cross assembler.

[Specification method]

C/C++ C Compiler
Dialog menu: C/C++Tab Category: [Optimize], select Generate file for inter-module optimization

Command line: goptimize

Cross Assembler
Dialog menu: Assembly Tab Category: [Object], select Generatefile for inter-module optimization

Command line: goptimize

In HEW1.2, an inter-module optimization add-on information file is also prepared for the standard library that is linked
during inter-modul e optimization. Asthisfileis supplied in the compressed form in the Windows version, decompress it
before using.

By double-clicking on the compressed file (*.exe) that has the same name as the library name to be used; thefileis self-
extracted, then a directory containing the information file is generated.

For details on the inter-module optimization of thislibrary, refer to the Supplement to the H8S,H8/300 Series C/C++
Compiler.

In HEW2.0 or later, the inter-modul e optimization features of Standard Library Generator should be used to create the
library. By checking Standard Library Tab Category:[Optimize] Generatefilefor inter-module optimization, an
inter-modul e optimization add-on information file is output.

(1) Default optimization

The inter-module optimizer supports the following optimization functions:

No. Description Dialog Menu Subcommand Option
Unifies constants/strings Unify strings String_Unify
Deletes unreferenced Eliminate dead code Symbol_delete
variables/functions

3 Optimizes access to variables Use short addressing Variable_access

4 Optimizes access to functions Use indirect call/jump Funcation_call

5 Reallocates registers Reallocate registers Register

6 Eliminates same code Eliminate same code Same_code

7 Optimizes branch instructions Optimize branches Branch
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The most efficient optimization with the compiler is shown below:

Optimization Function Size (ROM) No. of Execution Cycles

Valid compiler optimization option 3348 1249
(SPEED option

+block transfer instruction

+3 parameter-passing registers)

In the inter-modul e optimizer, no optimization is performed by default and a simply linked module is produced. Therefore,
the execution results are the same result as the compiler optimization.

(2) Specifying inter-module optimization items

Specify the optimization items in the inter-modul e optimizer one by one:

Optimization Function Inter-Module Optimization Function Size (ROM) No. of Execution Cycles
Compiler optimization - 3348 1249
options specified Unifies constants/strings 3348 1249

Deletes unreferenced variables/ functions 2984 1249

Optimizes access to variables 3258 1232

Optimizes access to functions 3332 1250

Reallocates registers 3332 1249

Eliminates dead codes 3348 1249

Optimizes branch instructions 3348 1249

(3) Enabling inter-module optimization for speed

Perform the following functions: the unification of constants/strings, deletion of unreferenced variables/functions,
optimization of access to variables, reallocation of registers, and optimization of branch instructions.

Optimization Function Inter-Module Optimization Function Size (ROM) No. of Execution Cycles
Compiler optimization - 3348 1249
options specified Optimization for speed 2906 1232

(4) Enabling all inter-module optimization functions
Enable all inter-module optimization functions:

Optimization Function Inter-Module Optimization Function Size (ROM) No. of Execution Cycles

Compiler optimization - 3348 1249
options specified Optimizes all 2902 1232

When this function is specified, the optimization may be applied to the part where the optimization should be disabled.
Check thelist carefully before specifying this option.
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524 Selecting Expansion Functions
(1) Allocating registersto global variables

Allocate the variables that were specified during size efficiency optimization to global registers:

(A) #pragnma gl obal _regi ster(Int_d ob=E4, Ch_1_d ob=R4H, Ch_2_d ob=R4L, Ptr _G ob=ER5)

Also specify asfollowsin order to increase the number of work registers:

(B) #pragma gl obal _register(Int_Gd ob=E4, Ch_1_d ob=R4H, Ch_2_d ob=R4L)

(C) #pragma gl obal _regi ster(Ptr_d ob=ER5)

Optimization Function Size (ROM) No. of Execution Cycles
SPEED option 3420 1325
SPEED option 3348 1249

+Block transfer instruction specified
+3 parameter-passing registers

SPEED option 3318 1246
+Block transfer instruction specified

+3 parameter-passing registers+#pragma

global_register (A) specified

SPEED option 3370 1262
+Block transfer instruction specified

+3 parameter-passing registers+#pragma

global_register (B) specified

SPEED option 3296 1246
+Block transfer instruction specified

+3 parameter-passing registers+#pragma

global_register (C) specified

For further details, refer to section 5.4.8,Allocating Registers to Global Variables.
(2) Controlling the output of register save/restore code at the function entry and exit points

Specify as follows according to the results at optimization for size:

#pragma noregsave (main)

The execution results are as follows:

Optimization Function Size (ROM) No. of Execution Cycles
Compiler Option 2906 1232

Inter-module optimization function

Compiler Option 2906 1232

Inter-module optimization function
+#pragma noregsave specified

The execution speed isimproved. For further details, refer to section 5.4.9, Controlling Output of Register Save/Restore
Codes at the Function Entry/Exit Points.
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525 Using the Inline Expansion Features
(1) Specifying the inline expansion of afunction

#pragmainline declares a function that performs inline expansion, instead of afunction call. When an inline expansion is
provided, the execution speed isimproved though the object size increases.

However, as described in the section on the automatic inline expansion of the SPEED option, specifying theinline
expansion of all functions not only reduces performance in object size but also in execution speed.

The #pragma inline statement should be used to declare functions that are called from a deep nesting level, which will
improve the execution speed effectively.

Nesting relationshipsin the program Dhrystone Ver.2.1 are shown below:

mai n:

mal | oc:

strcpy:

Proc_1:
Proc_3:

Proc_7:
Proc_6:
Func_3:

Proc_7:

Func_2:
Func_1:
strcmp:

Func_1:

Proc_8:

Proc_7:

Proc_6:
Func_3:

Proc_5:

Proc_4:

Func_2:

In this case, functions start to be specified from the deepest nesting level. The comparison with a node count of 105 for the
automatic inline expansion (the inline expansion specified in the option) is shown below:

Optimization Function Size (ROM) No. of Execution Cycles
None (default) 3052 1549
Automatic inline expansion 3306 1445
Inline expansion specified (Proc7,Func3) 3048 1589
Inline expansion specified 3048 1589

(Proc7,Func3,Funcl,strcmp,Proc3,Proc6)

Inline expansion specified 3048 1589
(Proc7,Func3,Funcl,strcmp,Proc3,Proc6,
malloc,strcpy,Proc5,Proc4,Procl)

Inline expansion specified for all functions 3322 1445

Note: The functions Proc8 and Func?2 are not inline-expanded.
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These results indicate that the automatic inline expansion option makes a fast object program.

Thus, a high-performance object can be created by combining specifications appropriately considering function call
relations, the number of execution cycles, and the object size.

The #pragma inline declaration is valid only when the function itself and the associated function call included within a
file. If “static” is specified to the function to be inline-expanded, actual codes are not output and the codes are expanded
only on the called function, which makes the object size be reduced. It is recommendabl e to always use this specification.

For further details, refer to section 5.4.10, Specifying Inline Expansion of Functions.
(2) Specifying Inline expansion of an assembly language function

At coding aprogram in C/C++, sections that require enhanced performance specially are sometimes written in the
assembly language. In such a case, if the function written in assembly language is specified with the #pragmainline_asm,
the function can be inline expanded at the location of the call.

For further details, refer to section 10.2.1, #pragma Extension and Keywords, in the H8S,H8/300 Series C/C++ Compiler,
Assembler, Optimizing Linkage Editor User’s Manual.

5.2.6 Using CPU-Specific Instructions
(1) Allocating to a short 8-hit absolute address area

Allocate the variable selected during an optimization for size to 8-bit absolute address area:

#pragma abs8 (Ch_1_d ob, Ch_2_d ob)

The following shows the execution results:

Optimization Function Size (ROM) No. of Execution Cycles

Compiler option 2906 1232
Inter-module optimization function
+#pragma noregsave specified

Compiler Option 2906 1232
Inter-module optimization function

+#pragma noregsave specified

+#pragma abs8 specified

Different from the case of size-orientated optimization (5.1.6), thereis no difference in this Dhrystone Ver.2.1 program.
However, it is recommendable to use this specification.

For further details, refer to section 5.4.11, Using 8-bit Absolute Address Area.
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(2) Allocating to a short 16-bit absolute address area

Allocate the variable selected during an optimization for size to 16-bit absolute address area:

#pragma abs16 (I nt_d ob, Bool _d ob, Arr_2_d ob, Ptr_G ob, Ptr_Gd b_Next)

The following shows the execution results:

Optimization Function Size (ROM) No. of Execution Cycles

Compiler Option 2906 1232
Inter-module optimization function
+#pragma noregsave specified

Compiler Option 2894 1231
Inter-module optimization function

+#pragma noregsave specified+#pragma

abs8 specified

+#pragma abs16 specified

Thus, both the speed and the size are improved.
For further details, refer to section 5.4.12, Using 16-bit Absolute Address Area.
(3) Allocating to amemory indirect area

Allocate the variable selected during an optimization for size to amemory indirect area:

#pragma
i ndirect(ProcO, mai n, mal | oc, Procl, Proc2, Proc3, Proc4, Proc5, Procé6, Proc7, Proc8,
Funcl, Func2, Func3)

The following shows the execution results:

Optimization Function Size (ROM) No. of Execution Cycles

Compiler Option 2894 1231
Inter-module optimization function

+#pragma noregsave specified+#pragma

abs8 specified

+#pragma abs16 specified

Compiler Option 2892 1232
Inter-module optimization function

+#pragma noregsave specified+#pragma

abs8 specified

+#pragma abs16 specified+#pragma

indirect specified

Asaresult, the execution speed is reduced, and this specification should not be used.
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53 Combination of Size and Speed Efficiency

As described in the preceding sections, the compiler optimization supports functions reducing the size and those
improving the execution speed. For each function and specification method, refer to the sections above. The best approach
to create a high-performance program is that functions requiring compactness and functions requiring high-speed
performance are separated in different files, and an optimization for size and that for speed can be chosen for each file.

Even if functions cannot be separated completely, it isimportant to know what part requires the high-speed performance
most in the entire program. The object performance can be improved effectively by specifying (option + expansion
functions + coding + inter-modul e optimization) for afile (or function) requiring high speed and providing optimization
for sizeto the other parts.

The results of the investigation carried out thus far can be summarized as follows:

Following lists the examination results with option and expansion function specifications that implement the best size
efficiency:

Size Speed

Specification Description Byte % Cycle %
Default - 3048 100 1580 100
Compiler Options  1-byte enum type specified 3034 99 1527 97

+3 parameter-passing registers
Compiler Options  1-byte enum type specified 2946 97 1517 96
+inter-module +3 parameter-passing registers
optimization +all inter-module optimization functions
functions
Compiler Option 1-byte enum type specified 2902 95 1496 95
+inter-module +3 parameter-passing registers
optimization +all inter-module optimization functions
functions N

) +#pragma abs8 specified

+Expansion N
functions +#pragma abs16 specified

+#pragma noregsave specified
+#pragam indirect specified
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Following lists the examination results with option and expansion function specifications that implement the best speed
efficiency:

Size Execution speed

Specification Description Byte % Cycle %
Default - 3048 100 1580 100
Compiler Options  SPEED option 3348 110 1249 79

+Block transfer instruction specified

+3 parameter-passing registers
Compiler Options ~ SPEED option 2906 95 1232 78
+inter-module +Block transfer instruction specified
optimization +3 parameter-passing registers
functions o L

+speed-priority inter-module optimization features
Compiler Options ~ SPEED option 2894 95 1231 78
+inter-module +Block transfer instruction specified
optimization +3 parameter-passing registers
functions o L

. +speed-priority inter-module optimization features

+Expansion -~
functions +#pragma noregsave specified

+#pragma abs8 specified
+#pragma abs16 specified

Thus, compared with the case when no option is specified, the performance of the program Dhrystone Ver.2.1 isimproved
amaximum of 5% in size and 22% in execution cycles by using options and expansion functions.

Specifications of the options and the expansion functions improve the program performance much more easily and
effectively than modification of the codes. Make great use of these items to create high performance object programs.

54 Details of Optimization Functions

The compiler provides the following optimization functions. Items 1 through 23 represent functions with the compiler and
items 24 through 30 with the inter-module optimizer:

The performance is measured under the following conditions.
[Cross Tools for Measurement]
H8S,H8/300 C/C++ Library Generator (Ver. 2.01.00.001)
H8S,H8/300 C/C++ Compiler (Ver. 6.01.00.009)
H8S,H8/300 Assembler (Ver. 6.01.01.000)
Optimizing Linkage Editor (Ver. 9.00.02.000)
[Option Specification]

Default options are used, when option specification methods are not described in each section.
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[Measurement Conditions]

Conditions H8/300, H8/300H H8S/2600,H8S/2000 H8SX
Bus Width 16 16 32
Access State to Memory 2 1 1
Fetch Size - - 32
Size Speed Referenced
No. Optimization Function Reduction Improvement Section
1 Uses 1-byte enum type (0] @) 54.1
2 Extended interpretation of multiplication/division specifications O (@) 5.4.2
3 Specifies the number of parameter-passing registers A A 543
4 Increases the number of variable allocation registers A A 5.4.4
5 Optimizes external variables - - 5.4.5
6 Block transfer instruction X @) 5.4.6
7 SPEED option 5.4.7
8 Speed-improving expansion of register save/restore codes X @) 5.4.7(1)
9 Speed-improving code expansion of shift expressions X 0 5.4.7(2)
10 Substitute code expansion of structures and double-type X (@) 5.4.7(3)
data
11 Speed-efficiency code expansion for switch statement X (@) 5.4.7(4)
12 Inline expansion of small-size functions X (@) 5.4.7(5)
13 Speed-efficiency code expansion of loop expressions A (@) 5.4.7(6)
14 Disables run-time routine calls X (@) 5.4.7(7)
15 Allocates registers to global variables A A 5.4.8
16 Controls output of register save/restore codes at function (0] (0] 5.4.9
entry/exit points
17 Specifies inline expansion of functions X @) 5.4.10
18 Uses 8-bit absolute address area (0] 0] 5.4.11
19 Uses 16-bit absolute address area (0] (@) 5.4.12
20 Allocates to indirect memory area (0] X 5.4.13
21 Extended memory indirect (0] X 5.4.14
22 2 bytes pointer (0] @) 5.4.15
23 Boundary alignment (0] (0] 5.4.16
24 Unifies constants/strings - - 5.4.17(1)
25 Eliminates unreferenced variables/functions - - 5.4.17(2)
26 Optimizes access to variables - - 5.4.17(3)
27 Optimizes access to functions - - 5.4.17(4)
28 Optimizes register save/restore codes - - 5.4.17(5)
29 Unifies common codes - - 5.4.17(6)
30 Optimizes branch instructions - - 5.4.17(7)
Legend:

O: Improvements attained

A:  Improvements achieved in some programs

X: Efficiency reduced
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541 Using 1-Byte enum Type

Size | (0] | Speed | (@) |

Description

If the value of an enum-type member iswithin the range from —128 to 127, 1-byte-type operations can be specified with
this option.

An enum-type value usually occupies 2 bytes according to the language specifications, however, when the enum option is
specified, avalue of enum-type membersis operated as 1-byte data.

Because this option is not based on the language specifications, it is set to be “ not specified” in the default state of the
compiler. However, it is recommended to always specify this option.

Specification Method

Dialog menu: C/C++Tab Category: [Other] Treat enum aschar if it isin the range of char
Command line: byteenum

Example

To set enum-type data E1 to 1.

(C/C++ program)

1
Sgiudm FEﬁCE S:?a;)’ ¢.d e} EL <«4—The value of the enum member is within the data

{ range represented by one byte.
E1=1;
}

(Assembly expansion code)

Not specified Specified
func _func:
MOV. W #1, RO MOV. B #1, ROL
MOV. W RO, @E1: 32 MOV. B ROL, @ E1: 32
RTS RTS
. SECTI ON B, DATA, ALI G\N=2 . SECTI ON B, DATA, ALI G\N=2
_E1 _El:
. RES. W 1 2-byte data .RES. B 1 1-byte data
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Object Size Comparison [byte]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 12 10 12 10 10
Specified 10 8 10 8 8
H8SX
CPU Type MAX ADV NML
Not specified 8 8 6
Specified 8 8 6

Execution Speed Comparison [cycle]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 11 9 22 18 18
Specified 10 8 20 16 16
H8SX
CPU Type MAX ADV NML
Not specified 8 8 7
Specified 8 8 7

54.2 Extended Interpretation of Multiplication/Division Specifications

Size | (0] | Speed | (0] |

Description
The code expansion of multiplication/division operationsis output by expanding interpretation of the ANSI standard.

When this option is specified, cal culation results may be different from those without this option because the interpretation
differs aslisted below:
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Operand Size of us1*us2 at Operation (for H8S/2600)
Expanded Interpretation ANSI Standard Interpretation
unsigned usl*us2 operated as unsigned long usl*us2 operated as unsigned short

short us1,us2;
unsigned long ul;
ul=us1*us2;

Output example: MOV.W @_usl.Rd
MOV.W @_us2.Rs
MULXU.W Rs,ERd
MOV.L ERd,@_ul

The result of us1*us2 is assigned to
ul with 4 bytes.

Output example: MOV.W @_usl.Rd
MOV.W @_us2.Rs
MULXU.W Rs,ERd
EXTU.L ERd
MOV.L ERd,@_ul

Lower 2 bytes of the result of us1*us2 is assigned to ul by
Zero expansion.

Unsigned short
usl,us2,us3

Unsigned short us;
us=usl*us2/us3;

usl*us2 computed as unsigned long
Output example: MOV.W @_us1.Rd
MOV.W @_us2.Rs
MULXU.W Rs,ERd
MOV.L @_us3.Rs
DIVXU.W Rs,ERd
MOV.L Rd,@_us

The 4 bytes of result of us1*us2 is
assigned as the dividend of the
operation instruction.

usl*us2 computed as unsigned short
Output example: MOV.W @_us1.Rd

MOV.W @_us2.Rs

MULXU.W Rs,ERd

EXTU.L ERd

MOV.L @_us3.Rs

DIVXU.W Rs,ERd

MOV.L Rd,@_us

The lower 2 bytes of the result of us1*us2 are zero
expanded and assigned as the dividend of the division
operation.

Specification Method

Dialog menu: C/C++Tab Category: [Object] Mul/Div oper ation specification Non ANSI (Guar antee 32bit asa
result of 16bit* 16bit)

Command line: cpuexpand

Example

To store multiplication results of two 2-byte data in 4-byte type data:

(C/C++ program)

voi d func()

|| =a*b;

unsi gned long I1;
unsi gned short a, b;

(Assembly expansion code)

Not specified Specified
func: func:

MOV. W @a: 32, R0 MOV. W @a: 32, R0
MOV. W @b: 32, EO MOV. W @b: 32, EO
MULXU. W EO, ERO MULXU. W EO, ERO
EXTU. L ERO
MOV. L ERO, @I I : 32 MOV. L ERO, @I 1: 32
RTS RTS
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Object Size Comparison [byte]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 26 20 26 20 24
Specified 24 18 24 18 22
H8SX
CPU Type MAX ADV NML
Not specified 26 26 20
Specified 24 24 18

Execution Speed Comparison [cycle]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 24 20 62 54 136
Specified 23 19 60 52 184
H8SX
CPU Type MAX ADV NML
Not specified 14 14 13
Specified 14 14 12

54.3 Specifying the Number of Parameter-Passing Registers

‘ Size | A | Speed | A |

Description

The number of registers to assign parameters can be set with this specification. When a parameter is assigned to aregister,
the access size is reduced than the case assigned to a stack. On the other hand, when the number of parameter-passing
registersisincreased, the work register areais reduced and, sometimes such as at a complicated operation, datais not
assigned to registers. In this case, the object program efficiency is lowered.

The number of parameter-passing registers can also be specified with an option.

Compare execution results of both specifications and adopt the better one.

Specification Method

Dialog menu: CPU tab, Change number of parameter-passing registers from 2(default) to 3

Command line: regparam=3

Rev.3.00 2005.09.12 5-33
REJ05B0464-0300
RENESAS



Section 5 Using the Optimization Functions

Example
In the following example, the efficiency isimproved when three parameter-passing registers are specified.

(C/C++ program)

extern short ee;
voi d func(short a,short b,short c,short d,long e)

{
}

ee=a*b*c*d/ e;

(Compiled result of assembly expansion code)

Not specified Specified
_func: _func:
PUSH. L ER2 PUSH. L ER3
SUBS. L #2, SP SUBS. L #2, SP
MOV. W RO, R2 MOV. W RO, R3
MULXU. W EO, ER2 MULXU. W EO, ER3
MULXU. W R1, ER2 MULXU. W R1, ER3
MOV. W R2, R1 MOV. W R3, Rl
MULXU. W El, ERL MULXU. W El, ERL
EXTS. L ERL EXTS. L ERL
MOV. W RO, @P MOV. W RO, @P
MOV. L ERL, ERO MOV. L ER1, ERO
MOV. L @10: 16, SP), ERL MOV. L ER2, ERL
JSR @Dl VL$3: 24 JSR @Dl VL$3: 24
MOV. W RO, @ee: 32 MOV. W RO, @ ee: 32
POP. L ER2 ADDS. L #2, SP
RTS POP. L ER3
RTS
Object Size Comparison [byte]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 42 40 46 44 72
Specified 38 36 42 40 70
H8SX
CPU Type MAX ADV NML
Not specified 36 36 36
Specified 34 34 32
Execution Speed Comparison [cycle]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 144 138 294 282 686
Specified 140 134 284 272 682
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H8SX
CPU Type MAX ADV NML
Not specified 44 43 44
Specified 39 39 41

Remarks and Notes

This specification is applied to all the files and linked libraries. It cannot be specified individually to each file. Therefore,
when modifying this specification, remember to change specifications of optionsin all files and linked libraries.

In addition, if the program being optimized is linked to an Assembly program, the interface to function calls also needs to
be modified.

For a description of the linkage between a C/C++ program and an Assembly language program, refer to section 9.3,
Linking C/C++ Programs and Assembly Programs in the H8S,H8/300 Series C/C++ Compiler, Assembler, Optimizing
Linkage Editor User's Manual.

544 Increasing the Number of Variable-Allocation Registers

Size | A | Speed | A |

Description
The number of registersto allocate variables can be set using this option (4 or 3 registers).

Most programs perform better when four registers are specified. However, if aprogram includes complicated expressions
which cause a shortage of registers, the specification of three registers resultsin better performance.

Specify four variable-allocation registers for a usual execution, and compare the execution results of both specifications
when necessary, such as at the program storage on ROM.

Specification Method

Dialog menu: C/C++Tab Category: [Other] Increase aregister for register variable

Command line: regexpansion

Example

In the following example, the efficiency isimproved when three variable-assignment registers are specified.

(C/C++ program)

I ong func(short a,long b,short c,char d,long e)

long x,v,z;

X=a+b;

y=b*c;

z=al e;

return (a*x*(z+y)*b*d+e*z-e/ x*c/ (x*y*a*z));
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Object Size Comparison [byte]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Variable registers: 4 202 202 190 190 416
Variable registers: 3 202 202 190 190 416
H8SX
CPU Type MAX ADV NML
Variable registers: 4 150 150 150
Variable registers: 3 150 150 150

Execution Speed Comparison [cycle]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Variable registers: 4 783 752 2158 2082 4836
Variable registers: 3 783 752 2158 2082 4836
H8SX
CPU Type MAX ADV NML
Variable registers: 4 174 187 169
Variable registers: 3 174 187 169

545 Optimization of External Variables

Size | - | Speed | - |

Description

11(1)
11(2)

D
11

The compiler optimizes the above expressions by deleting the substitution of (1) above. If the substitution (1) should not
be deleted, asfor avariable in an I/O port or an interrupt processing, declare volatile for the variable.

By using the option, the optimization can be disabled for all external variablesin the specified file.

However, that may reduce the object efficiency. When using the option, declare volatile to a variable that should not be
optimized, such asthat in an interrupt function or in an 1/0 register, in the source program, and then, compile the resulting
program with disabling the optimization of external variables.

Specification Method
Dialog menu: C/C++ Tab Category: [Other] Avoid optimizing exter nal symbolstreating them asvolatile

Command line: volatile
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Example
To assign the values 0, 1, and 2 to the external variable aiin this order:

(C/C++ program)

unsigned int a;
voi d func()

N = O

a
a
a

(Assembly expansion code)

Not specified Specified
_func: _func:
SUB. W RO, RO a=0
a=2 code only MOV. W RO, @a: 32
MOV. B #1, ROL
MoV. W #2, RO MOV. W RO, @ a: 32 a=1
MOV. W RO, @a: 32 MOV. B #2, ROL
RTS MOV. W RO, @a: 32
RTS
a=2

Remarks and Notes

When the optimization of external variablesis disabled, all external variables in the file are changed into volatile variables.

To set volatile individually to each variable, specify as follows:

vol atile unsigned int a;
voi d func()

Outputs the same code as shown in the
above example with the volatile option

N - O

a
a
a

By default, the optimization of external variablesis enabled with the compiler option.

RENESAS
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5.4.6 Block Transfer Instruction

Size | X | Speed | (0] |

Description

Structure substitutions are usually processed by calling run-time routines. When this option is used, ablock transfer
instruction is output at the structure substitution expression, and then the execution speed isimproved.

However, if NMI interrupt occurs during the EEPMOV.W instruction execution, the transfer results are not guaranteed.

Check this condition before specifying this option.

To output the EEPMOV instruction only in a part of the structure data transfer, specify the eepmov() built-in function.
Specification Method

Dialog menu: C/C++ Tab Category: [Other] Use EEPM OV in block copy

Command line: eepmov

Example

To substitute the structure s2 to s1:

(C/C++ program)

struct
char cc;
short ss;
long I1;
long 112;

}sl,s2;

voi d mai n()

sl=s2,;

(Compiled result of assembly expansion code)

Not specified Specified
_main: _main:

PUSH. L ER2 STM L (ER4- ERG) , @ SP
MOV. L #_s2, ERO MOV. L #_s2, ERS
MOV. L # s1,ER1 MOV. B #12, RAL
SUB. L ER2, ER2 MOV. L #_s1, ER6
MOV. B #12, R2L EEPMOV. B
JSR @MN$3: 24

Processed by a run-time routine call

POP. L ER2
RTS

Expanded into EEPMOV instruction

LDM L @P+, ( ER4- ERS)
RTS

Rev.3.00 2005.09.12 5-38
REJO5B0464-0300

RENESAS




Section 5 Using the Optimization Functions

Object Size Comparison [byte]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 30 22 30 22 22
Specified 28 24 26 22 22
H8SX
CPU Type MAX ADV NML
Not specified 28 26 22
Specified 22 22 18
Execution Speed Comparison [cycle]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 117 102 270 224 256
Specified 58 55 226 210 168
H8SX
CPU Type MAX ADV NML
Not specified 66 66 57
Specified 24 24 24

54.7 speed Option

Description

The compiler usually outputs an object efficient in the code size. When this option is specified, an object efficient in the

execution speed is output.

There are following items to specify the output of speed-efficiency objects rather than size-efficiency objects:

Description Reference
Speed-efficiency code expansion of register save/restore codes 5.4.7(1)
Speed-efficiency code expansion of shift expressions 5.4.7(2)
Assignment code expansion of structures and double-type data 5.4.7(3)
Inline expansion of functions 5.4.7(4)
Speed-efficiency code expansion of loop expressions 5.4.7(5)
Speed-efficiency code expansion for switch statement 5.4.7(6)
Disabling run-time routine calls for arithmetic operation 5.4.7(7)

These items can be specified individually.

RENESAS
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Specification Method
Dialog menu: C/C++ Tab Category: [Optimize] Speed oriented optimization
Command line: speed

(1) Speed-efficiency Code Expansion of Register Save/Restore Codess

‘ Size | X | Speed | (0] |

Description

At entry and exit points of a function, registers used in the function are saved or restored. On the H8/300H or H8/300
series, registers are saved/restored by calling a run-time routine when the number of registers to be saved/restored is three
or more.

When arun-time routine is used, the object size is reduced, however, the execution speed is lowered because of the
processing for the function call or the save/restore of registers that are not needed. If only the necessary registers are
saved/restored and a run-time routine is not called, the execution speed isimproved though the object size isincreased.

Specification Method

Dialog menu: C/C++ Tab Category: [Optimize] Speed sub-options. Register
Command line: speed=register

Example

To define the function sub while specifying the 300HA CPU/operation mode:

(C/C++ program)

long a,b;

The run-time routine called at register
I ong sub(char c1,short s2,short s3) 9

savelrestore differs according to
s3=ath; whether optimization is specified or
return (cl+s2+s3);

} not and the number of parameter-

passing registers

(Assembly expansion code)

Not specified Specified
_sub: _sub:
JSR @sp_regsv$3: 24 PUSH. L ER5
PUSH. W R2
MOV. B ROL, R5L MOV. B ROL, R5L
MOV. W @a+2: 24, Rl MOV. W @a+2: 24, Rl
MoV. W @b+2: 24, R2 MOV. W @b+2: 24, R2
ADD. W R2, R1 ADD. W R2, R1
EXTS. W R5 EXTS. W R5
ADD. W EO, RS ADD. W EO, RS
ADD. W R1, R5 ADD. W R1, R5
EXTS. L ER5 EXTS. L ER5
MOV. L ER5, ERO MOV. L ER5, ERO
JWP @spregl d2$3: 24 POP. W R2
POP. L ER5
RTS
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Object Size Comparison [byte]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 24 20 28 24 38
Specified 24 20 28 24 44
H8SX
CPU Type MAX ADV NML
Not specified 24 24 20
Specified 24 24 20
Execution Speed Comparison [cycle]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 18 15 48 42 134
Specified 18 15 48 42 94
H8SX
CPU Type MAX ADV NML
Not specified 17 15 14
Specified 17 15 14

(2) Speed-efficiency Code Expansion of Shift Expressions

Size | X | Speed | (0] |

Description

Object codes for shift operations are generated with improving speed rather than reducing size.

Specification Method

Dialog menu: C/C++ Tab Category: [Optimize] Speed sub-options: Shift to multiple

Command line: speed=shift
Example
To shift the variable a multiple times:

(C/C++ program)

unsi gned char a=0x80;
int dat;
voi d mai n(voi d)

{
}

a>>=dat ;

RENESAS
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(Compiled result of assembly expansion code)

Not specified Specified
. _main:
~main MOV. B @a: 32, ROL
MOV. L #_a, ERO MOV. B @dat +1: 32, ROH
MOV, W @dat : 32, RL LS:
DEC. B ROH
JSR @DSRUC$3: 24 BM LS: 8
SHLR. B ROL
* Processed by calling a run-time routine L6: BRA L7:8
MOV. B ROL, @ a: 32
RTS RTS
Object Size Comparison [byte]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 25 19 19 15 15
Specified 49 43 29 23 23
H8SX
CPU Type MAX ADV NML
Not specified 25 25 19
Specified 25 25 19
Execution Speed Comparison [cycle]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 39 33 78 64 64
Specified 29 25 40 32 32
H8SX
CPU Type MAX ADV NML
Not specified 14 14 12
Specified 14 14 12
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(3) Assignment Code Expansion of Structures and Double-Type Data

‘ Size | A | Speed | (0] |

Description

When structures or double-type data are assigned, codes to call arun-time routine are usually output (except for the case of
asmall-size structure). Therefore, if processing is performed without calling the run-time routine, the execution speed is

improved.

Specification Method

Dialog menu: C/C++ Tab Category: [Optimize] Speed sub-options: Struct assignment

Command line: speed=struct
Example
To assign the structure s2 to sl.:

(C/C++ program)

struct S
unsi gned char cc;
short ss;
long II;

}s1,s2;

voi d mai n(voi d)

{
}

sl=s2;

(Compiled result of assembly expansion code)

Not specified Specified
_main: _main:
PUSH. L ER2 PUSH. L ER2
MOV. L # s2, ERO MOV. L #_s2, ERO
MOV. L # s1,ER1 MOV. L #_s1, ER1
SUB. L ER2, ER2 MOV. L @ERO+, ER2
MOV. B #8, R2L MOV. L ER2, @R1
JSR @MN$3: 24 MOV. L @ERO, ER2
MOV. L ER2, @ 4: 16, ER1)
PCP. L ER2 ) ) POP. L ER2
RTS f Run-time routine RTS
processing

Object Size Comparison [byte]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 18 14 30 22 22
Specified 40 32 40 36 34
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H8SX
CPU Type MAX ADV NML
Not specified 22 22 18
Specified 22 22 18
Execution Speed Comparison [cycle]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 49 44 244 198 220
Specified 39 32 78 72 124
H8SX
CPU Type MAX ADV NML
Not specified 18 14 14
Specified 18 14 14

(4) Inline Expansion of Functions

‘ Size | X | Speed | (0] |

Description

When an inline expansion is specified with the option, small-size functions are inline-expanded, which improves the
execution speed. However, if any of the following conditions is met, inline expansion is not performed:

« A function is defined prior to a#pragma inline specification.

e A variable parameter isincluded.

* An address of aparameter isreferenced.

e Thetypesof areal parameter and adummy parameter are not the same.
* Thesizelimitation of an inline expansion has been exceeded.

The size limitation of an inline expansion indicates the number of nodes of the specified function.

The number of nodes indicates the processing unit used in the compiler internal processing, which can be selected within
the range from 1 to 65535. If a small number of nodesis specified, only asmall function isinline-expanded, however, if a
large number is specified, alarge-size function can a so be inline-expanded.

The default number is 105.

If #pragmainlineis specified for afunction, the function isinline-expanded regardless of the inline expansion size
limitation.

Specification Method
Dialog menu: C/C++ Tab Category: [Optimize] Speed sub-options: Maximum nodes of inline function

Command line: speed=inling=(node)]
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Example

To call afunction named func:

(C/C++ program)

extern long a;
voi d func(void);
voi d sub(void)

func();
a+=2;

voi d func(void)

{
}

a++;

(Compiled result of assembly expansion code)

Not specified Specified
_sub: | | _sub:
BSR _func: 8 | < Function MOV. L @a: 32, ERO
call INC. L #1, ERO
INC. L #2, ERO
MOV. L # a, ERO MOV. L ERO, @ a: 32
MOV. L @R0, ERL RTS
INC. L #2, ERL _func:
MOV. L ERL, @RO MOV. L #_a, ERO
RTS MOV. L @ERO, ERL
_func: INC. L #1, ER1
MOV. L #_a, ERO MOV. L ER1, @RO
MOV. L @R0, ERL RTS
INC. L #1, ER1
MOV. L ERL, @RO
RTS
Object Size Comparison [byte]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 44 36 40 36 38
Specified 58 46 52 46 42
H8SX
CPU Type MAX ADV NML
Not specified 30 28 24
Specified 34 34 28
Execution Speed Comparison [cycle]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 41 34 78 68 182
Specified 31 26 58 52 166

RENESAS
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H8SX
CPU Type MAX ADV NML
Not specified 23 23 21
Specified 15 15 14

Remarks

If the called function isincluded in the same file of the calling side and the function is not called by any other file, no
external definition of the function is generated and the function size is reduced when static is specified in the function
declaration.

(5) Speed-efficiency Code Expansion of Loop Expressions

‘ Size | A | Speed | (0] |

Description
Loops satisfying all of the following conditionsin the file are output with expanded codes:

e Theinitial value for the loop is a constant.

e Thefina judgement of the loop is a constant.

» The number of repetition for the loop is either a multiple of 3 or an even number.
« Nogoto labelsisincluded in the loop.

» Theloop contains expressions only and the number of expressionsis 10 or less.

e Theoptimization is specified.

When aloop is expanded, the program size isincreased. To improve the execution speed of a specific loop, provide loop-
expanded coding in the program.

Specification Method

Dialog menu: C/C++ Tab Category: [Optimize] Speed sub-options: L oop optimization
Command line: speed=1oop

Example

To zero-clear the contents of the array a:

(C/C++ program)

int a[10];
voi d f(void)
{

int i;

for (i=0;i<10;i++)
a[i]=0;
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(Compiled result of assembly expansion code)

Not specified Specified
_f: _f:

PUSH. L ER6 MOV. L #_a, ERl

SUB. W R6, R6 SUB. L ERO, ERO

SUB. W R1, R1

L6: L6:

EXTS. L ER6 MOV. W RO, @GER1

MOV. L ER6, ERO I NC. W #1, EO

SHLL. L ERO INC. L #2, ER1

MOV. W Rl, @ _a: 32, ER0) MOV. W RO, @RL

I NC. W #1, R6 I NC. W #1, EO

CWP. W #10: 16, R6 INC. L #2, ERL

BLT L6: 8 WP, W #10, EO

POP. L ER6 BLT L6: 8

RTS RTS

Object Size Comparison [byte]

H8S/2600, H8S/2000  H8/300H H8/300

CPU Type ADV NML ADV NML NML

Not specified 34 26 36 22 28

Specified 38 28 40 30 40
H8SX

CPU Type MAX ADV NML

Not specified 20 20 18

Specified 36 36 32

Execution Speed Comparison [cycle]

H8S/2600, H8S/2000  H8/300H H8/300

CPU Type ADV NML ADV NML NML

Not specified 132 103 294 212 244

Specified 88 72 162 138 244
H8SX

CPU Type MAX ADV NML

Not specified 95 87 87

Specified 75 71 71

Remarks
This specification sometimes reduces the size of codes.

Try this option on and off at tuning options.

RENESAS
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(6) Speed-Efficiency Code Expansion of switch Statement

‘ Size | A | Speed | (0] |

Description

The switch statement is expanded in the method outputting less number of execution cycles with this specification.
There are two methods to expand the switch statement, the table method and the if-then method.

Usually, the compiler determines which method is better to reduce the size.

In the if-then method, the value of the switch statement evaluation expression is compared with that of the case label. If
they are the same, jumping to the case label statement is repeated the number of times the case labels are included.
Therefore, in this method, the object code size isincreased according to the number of case labelsincluded in the switch
statement.

In the table method, the destination of case label jumping is stored in ajump table and the jumping to the case label
statement that matches the evaluation expression of the switch statement is performed with a single referencing of the
jump table. In this case, the size of the jump table allocated in the constant areais increased in proportion to the number of
case labels contained in switch statements, however, the execution speed is aways constant.

When the SPEED option is specified, a processing method improving the execution speed is selected depending on the
above-mentioned conditions.

Specification Method

Dialog menu: C/C++ Tab Category: [Optimize] Speed sub-options: Switch judgement
Command line: speed=switch

Example

To replace the value of the variable a:

(C/C++ program )

extern unsigned a;
voi d sub(void)

{

switch(a)({

case 0: a=1; break;
case 2: a=2; break;
case 4: a=3; break;
case 6: a=4; break;
case 8: a=b; break;
case 10: a=6; break

case 12: a=7; break;
case 14: a=8; break;
case 16: a=9; break;
case 18: a=10; break;
case 20: a=11; break;

}
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(Compiled result of assembly expansion code)

Not specified Specified
_sub: MOV. L # a: 32, ERL sub: MOV. L # a, ERL
MOV. W @R1, RO MOV. W @R1, RO
MOV. B ROH, ROH WP, W #20, RO
BNE L16: 8 BHI L18: 8
CWP. B #0: 8, ROL EXTU. L ERO
BEQ L5:8 MOV. B
CWP. B #2: 8, ROL @L19: 32, ERO) , ROL
BEQ L6: 8 EXTU. W RO
CWP. B #4: 8, ROL EXTU. L ERO
BEQ L7:8 ADD. L #L7, ERO
CWP. B #6: 8, ROL JwWP @ERO
BEQ L8: 8 L5: MOW. W #1, RO
CWP. B #8: 8, ROL BRA L27:8
BEQ L9: 8 L6: MW. W #2, RO
CWP. B #10: 8, ROL BRA L27:8
BEQ L10: 8 L7: MW. W #3, RO
CWP. B #12: 8, ROL BRA L27:8
BEQ L11:8 L8 MW. W #4, RO
CWP. B #14: 8, ROL BRA L27:8
BEQ L12: 8 L9: MW. W #5, RO
CWP. B #16: 8, ROL BRA L27:8
BEQ L13:8 L10: MOV. W #6, RO
CWP. B #18: 8, ROL BRA L27:8
BEQ L14:8 L11: MOV. W #7, RO
CWP. B #20: 8, ROL BRA L27:8
BEQ L15:8 L12: MOV. W #8, RO
RTS BRA L27:8
L5: MW. W #1:16, RO L13: MOV. W #9, RO
BRA L26: 8 BRA L27:8
L6: MW. W #2:16, RO L14: MOV. W #10, RO
BRA L26: 8 BRA L27:8
L7: MW. W #3:16, RO L15: MOV. W #11, RO
BRA L26: 8 L27: MOV. W RO, @R1
L8: MW. W #4:16, RO L16: RTS
BRA L26: 8 SECTI ON C, DATA, ALI G\=2
L9: MW. W #5: 16, RO L17: .DATA. B L5-L5
BRA L26: 8 DATA. B L16-L5
L10: MOV. W #6: 16, RO DATA. B L6- L5
BRA L26: 8 DATA. B L16-L5
L11: MOV. W #7:16, RO DATA. B L7-L5
BRA L26: 8 DATA. B L16-L5
L12: MOV. W #8: 16, RO DATA. B L8-L5
BRA L26: 8 DATA. B L16-L5
L13: MOV. W #9: 16, RO DATA. B L9-L5
BRA L26: 8 DATA. B L16-L5
L14: MOV. W #10: 16, RO DATA. B L10-L5
BRA L26: 8 DATA. B L16-L5
L15: MOV. W #11: 16, RO DATA. B L11-L5
L26: MOV. W RO, @R1 DATA. B L16-L5
L16: RTS DATA. B L12-L5
DATA. B L16-L5
DATA. B L13-L5
DATA. B L16-L5
DATA. B L14-L5
DATA. B L16-L5
DATA. B L15-L5
DATAB. B 1,0

RENESAS
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Object Size Comparison [byte]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 136 120 126 114 120
Specified 136 120 126 114 120
H8SX
CPU Type MAX ADV NML
Not specified 118 118 108
Specified 118 118 108

Execution Speed Comparison [cycle]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 44 33 66 52 66
Specified 44 33 66 52 66
H8SX
CPU Type MAX ADV NML
Not specified 23 24 18
Specified 23 24 18

Remarks

In the above example, codes with improved speed and reduced size are generated because the table method is adopted.
However, depending upon the value of a, better codes may be output when this option is not specified.

(7) Disabling Run-Time Routine Calls

‘ Size | X | Speed | (0] |

Description

When this option is specified, arithmetic operations, comparison expressions, or assignment expressions are expanded into
codes without using a run-time routine (for some expressions this option is disabled).

Specification Method
Dialog menu: C/C++ Tab Category: [Optimize] Speed sub-options expression

Command line: speed=expression
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Example
To perform amultiplication:

(C/C++ program)

long a, b;
char c;
voi d main()

{
}

a=b*c;

(Compiled result of assembly expansion code)

Not specified Specified
_main: _main:
STM L (ER2-ER3), @ SP
MOV. B @c: 32, ROL MOV. B @c: 32, ROL
EXTS. W RO EXTS. W RO
EXTS. L ERO EXTS. L ERO
MOV. L @b: 32, ER1 > MOV. L @b: 32, ERL
JSR @MILL$3: 24 MOV. W EO, R2
MULXU. W R1, ER2
MOV. W El, R3

MJULXU. W RO, ER3
MULXU. W R1, ERO

ADD. W R2, EO
ADD. W R3, EO
MOV. L ERO, @ a: 32 MOV. L ERO, @a: 32
LDM L @P+, (ER2- ER3)
RTS RTS
Object Size Comparison [byte]
H8S/2600, H8S/2000 H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 32 26 32 26 38
Specified 52 46 48 42 46
H8SX
CPU Type MAX ADV NML
Not specified 30 30 24
Specified 30 30 24
Execution Speed Comparison [cycle]
H8S/2600, H8S/2000 H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 63 57 180 168 410
Specified 54 50 266 248 366
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H8SX
CPU Type MAX ADV NML
Not specified 18 18 17
Specified 18 18 17

54.8

Size | A | Speed | A |

Description

When frequently-used external variables are allocated to registers, the access codes are shortened.

Note that external variables that are not optimized, such as1/O variables, cannot be allocated to registers.

Allocating Registersto Global Variables

Registers where external variables can be allocated to are shown below:

ER4 E4

R4H

R4L

ER5 ES

R5H

R5L

For the CPU of 300, R4 and R5 can be used.

[Format]

#pragma global_register (<variable name>=<register name>[,<variable name>=<register name>...])

Example
To assign 1-byte and 2-byte data to registers:

(C/C++ program)

#pragma gl obal _regi ster (a=R4, b=R5L)
int a; char b;

void func();

voi d main()

a=10;

b=20;

func();
voi d func()

a++;
b- =2;
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(Assembly expansion code)

Not specified Specified
_main: _main:
MOV. W #10, RO MOV. W #10, R4
MOV. W RO, @a: 32 MOV. B #20, R5L
MOV. B #20, ROL _func:
MOV. B ROL, @b: 32 I NC. W #1, R4
_func: ADD. B #-2, R5L
MOV. L #_a, ERO RTS
MOV. W @ERO, R1
I NC. W #1, RL
MOV. W R1, @RO
MOV. L #_b, ERO
MOV. B @ERO, R1L
ADD. B #-2,RIL
MOV. B R1L, @RO
RTS
. SECTI ON B, DATA, ALl G\=2
_a:.RES. W 1
_b:.RES.B 1
Object Size Comparison [byte]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 52 40 48 40 40
Specified 20 20 16 16 16
H8SX
CPU Type MAX ADV NML
Not specified 38 36 28
Specified 18 16 16
Execution Speed Comparison [cycle]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 37 30 70 60 60
Specified 15 14 26 24 24
H8SX
CPU Type MAX ADV NML
Not specified 21 21 18
Specified 12 12 12

RENESAS
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Notes

(a) Thisoption can be used for variable definitions and variable declarations after the #pragma global_register is declared.
(b) This option can be used for simple-type or pointer-type global variables. It cannot be used for double-type variables.
(c) Theinitia value cannot be specified. In addition, addresses cannot be referenced.

(d) Referencing a specific variable from alink destination (without a register specification in the file) is not guaranteed.
(e) Specifications or references in interrupt functions are not guaranteed.

(f) Variablesand registers cannot be specified in duplicate. This option cannot be specified together with the #pragma
abs8 or #pragma abs16 declaration.

When this option is specified, the inter-modul e optimization cannot be performed for libraries. Exclude all library
functions from inter-modul e optimization objects, as described below:

[For PC]

<HEW1.2>

Delete directories having the same name as the library decompressed at its inter-modul e optimization.
<HEW?2.0 or later>

With preinclude option in the Standard Library tag for Standard Library Generator, specify include to the header file
containing #pragma global_register declaration.

[For UNIX]

Modify the name of directories having the same name asthelibrary.

5.4.9 Controlling Output of Register Save/Restore Codes at Function Entry/Exit Points

Size | (0] | Speed | (@) |

Description

For all functions, the compiler saves registers to be used in the function at the function entry point and restores them at the
function exit point.

When register save/restore processings are controlled with this option, the size of register save/restore codes can be
reduced for the main function or afunction including function calls only.

When the #pragma regsave is specified, all registers are saved/restored. Registers guaranteeing values before and after
function calls are not assigned.

When the #pragma noregsave is specified, register save/restores are disabled regardless of whether registers are used in the
function or not.

[Format]
#pragma regsave (<function-name>[,...])

#pragma noregsave (<function-name>[,...])
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Example

To call the function noregf from the function regf:

(C/C++ program)
Not specified Specified
void regf(); #pragma regsave (regf)

voi d noregf (int);
void func();

extern int XY, Z XX

#pragma nor egsave (noregf)
void regf();
voi d noregf(int);
void func();

voi d regf(void)
extern int XY, Z XX

int A=X; voi d regf(void)
Y=A,
nor egf ( X) ; int A=X;
Z=A, Y=A;
} nor egf ( X) ;
voi d noregf(int P) Z=A,

}
voi d noregf(int P)

int B=P;
Y=B;
func(X); int B=P;
Z=B; Y=B;
} func(X);
Z=B;
}
(Assembly expansion code)
Not specified Specified
_regf: regf:
PUSH. W R6 STM L (ER2- ER3), @ SP
MOV. W @X 32, R6 STM L (ER4- ERG), @ SP
MoV. W R6, @Y: 32 MOV. W @X: 32, R6
MOV. W R6, RO MOV. W R6, @Y: 32
BSR _noregf:8 MOV. W R6, RO
MOV. W R6, @Z: 32 PUSH. W R6
POP. W R6 BSR _noregf:8
RTS POP. W R6
nor egf : MOV. W R6, @Z: 32
PUSH. W R6 LDM L @8P+, (ER4- ER6)
MoV. W RO, R6 LDM L @5P+, (ER2- ER3)
MOV. W R6, @Y: 32 RTS
MOV. W @X: 32, R0 nor egf :
JSR @func: 24 MOV. W RO, R6
MoV. W R6, @ Z: 32 MOV. W R6, @Y: 32
POP. W R6 MOV. W @X: 32, R0
RTS JSR @func: 24
MOV. W R6, @Z: 32
RTS
Object Size Comparison [byte]
H8S/2600, H8S/2000 H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 66 52 66 52 52
Specified 80 66 68 54 54
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H8SX
CPU Type MAX ADV NML
Not specified 68 66 52
Specified 78 76 62

Execution Speed Comparison [cycle]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 66 54 132 108 108
Specified 91 79 266 232 190
H8SX
CPU Type MAX ADV NML
Not specified 46 43 38
Specified 60 58 60

5.4.10 Specifying Inline Expansion of Functions

‘ Size | X | Speed | (0] |

Description

When the inline expansion is specified, the expansion is performed within the calling function but the function is not
called, and then the execution speed isimproved.

There are the following two ways to specify the inline expansion:

(1) Specifying with an expansion function

[Format]

#pragmainline (<function-name>[,...])

(2) Specifying with an option

Dialog menu: C/C++ Tab Category: [Optimize] Speed sub-options: Maximum nodes of inline function
Command line: speed=inling=(node)]

When afunction is called, normally, the JSR or BSR instruction is output. However, when the inline expansion is
specified, codes are expanded directly at the location where afunction is called. Therefore, the JSR or BSR instruction at
calling afunction and the RTS instruction at returning from a function are not output, which improves the execution speed.
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Example
To perform the inline expansion of the function func:
(C/C++ program)

Specification in the #pragma statement

#pragme inline func
int a,b;
voi d func()
a+=b;
voi d main()

a=0;
func();

(Assembly expansion code)

Not specified Specified
_func: _func:
MOV. W @b: 32, R0 MOV. W @b: 32, R0
MOV. L # a, ERL MOV. L # a, ER1
MOV. W @ER1, EO MOV. W @ER1, EO
ADD. W RO, EO ADD. W RO, EO
MOV. W EO, @GER1L MOV. W EO, @R1
RTS RTS
mai n: _main:
SUB. W RO, RO SUB. W EO, EO
MOV. W RO, @ a: 32 MOV. W @b: 32, R0
BRA _func: 88 ADD. W RO, EO
MOV. W EO, @ a: 32
RTS

Object Size Comparison [byte]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 32 24 30 24 24
Specified 36 26 38 30 30
H8SX
CPU Type MAX ADV NML
Not specified 22 22 16
Specified 28 28 20

Execution Speed Comparison [cycle]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 25 20 48 40 40
Specified 13 10 30 24 24
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H8SX
CPU Type MAX ADV NML
Not specified 16 16 15
Specified 11 11 10

Remarksand Notes

(1) The#pragmainline statement should be specified before the function is defined.

If the optimization is not specified, this specification is unavailable, however, the #pragma specification is available.
The inline expansion is not performed for the following functions:

* Functionsincluding variable parameters

* Functions referencing addresses of parameters

e Functionsin which the type of areal parameter and that of a dummy parameter do not match.
* Functions calling inline-expanded functions

« Functions that exceed the size limitation of the inline expansion

(2) When afunction is specified as static, the function is expanded only in the called side, which improves size efficiency.
In this case, the inline-expanded function is used only in the samefile.

54.11 Using 8-Bit Absolute Address Area

Size | (@) | Speed | (@) |

Description

The H8S or H8/300 Series provide an 8-hit absolute address area. When byte data frequently accessed are allocated to this
area, those data can be accessed in the 8-bit absolute address format, which improves ROM efficiency, RAM efficiency,
and the execution speed, compared with accessing normally in the absolute address format.

There are the following two ways to specify the 8-bit absolute address area:

(1) Specifying with an expansion function

[Format]

#pragma abs8 (<variable or structure-name, array-name>[,...])

(2) Specifying with an option

Dialog menu: C/C++ Tab Category: [Optimize] Data access @aa:8

Command line: abs3

When the #pragma abs8 is specified, variables to be accessed in the 8-bit absolute address format can be specified.

When thisis specified using the option format, all 1-byte datain the file are set to be accessed in the 8-bit absolute address
format.

The following lists the range of 8-bit absolute address area for each CPU/operation mode:
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CPU Type Address Space Size 8-Bit absolute Absolute Address Area
H8SX maximum mode 32 H'FFFFFFOO0 to H'FFFFFFFF

H8SX advanced mode 28 H'FFFFFOO0 to H'FFFFFFF

H8SX middle mode 24 H'FFFFO0 to H'FFFFFF

H8S/2600 advanced mode 20 H'EFEO00 to H'EFFFF

H8S/2000 advanced mode

H8/300H advanced mode

H8SX normal mode 16 H'FFOO0 to H'FFFF
H8S/2600 normal mode

H8S/2000 normal mode

H8/300H normal mode

H8/300

Example
To access the variables a, b, and ¢ alocated in the 8-bit absolute address area:
(C/C++ program)

Specification using the #pragma statement

#pragma abs8 (a, b, c)

const char a=1;
char b=1;
char c;

voi d func(void)

{
}

c=b=a;

(Compiled result of assembly expansion code)

Not specified Specified
func: _func:

MOV. B #1, ROL MOV. B #1, ROL

MOV. B ROL, @b: 32 MOV. B ROL, @b: 8

MOV. B ROL, @c: 32 MOV. B ROL, @c: 8

RTS RTS

. SECTI ON C, DATA, ALI G\=2 . SECTI ON $ABSBC, DATA, ALI G\=2
_a: .DATA.B H 01 _a: .DATA. B H 01

. SECTI ON D, DATA, ALI G\=2 . SECTI ON $ABS8D, DATA, ALI G\=2
_b: .DATA. B H 01 _b: .DATA.B H 01

. SECTI ON B, DATA, ALI G\=2 . SECTI ON $ABS8B, DATA, ALI G\=2
_c: .RES.B 1 _c: .RES.B 1

Object Size Comparison [byte]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 18 14 18 14 14
Specified 10 10 10 10 10
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H8SX
CPU Type MAX ADV NML
Not specified 16 16 12
Specified 10 10 10

Execution Speed Comparison [cycle]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 14 11 28 22 22
Specified 10 9 20 18 18
H8SX
CPU Type MAX ADV NML
Not specified 10 10 10
Specified 9 9 9

Remarksand Notes
The #pragma abs8 cannot be specified for data that have previously been declared.
This specification isvalid only for 1-byte external variables.

At linkage, sections starting with $ABS8 are all ocated to the 8-bit absolute address area.

5.4.12 Using 16-Bit Absolute Address Area

Size | (0] | Speed | (@) |

Description

The H8S or H8/300 Series provide a 16-hit absolute address area. When byte data frequently accessed are allocated to this
area, those data can be accessed in the 16-bit absolute address format, which improves ROM efficiency, RAM efficiency,
and the execution speed, compared with accessing normally in the absolute address format.

There are the following two ways to specify the 16-bit absolute address area:
(1) Specifying with an expansion function

[Format]

#pragma absl6 (<variable or structure-name, array-name >[,...])

(2) Specifying with an expansion option

Dialog menu: C/C++ Tab Category: [Optimize] Data access @aa: 16

Command line; abs16
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When the #pragma absl6 is specified, variables to be accessed in the 16-bit absolute address format can be specified.
When thisis specified using the option format, all datain the file are set to be accessed in the 16-hit absolute address

format.

The following lists the range of 16-bit absolute address area for each CPU/operation mode;

CPU Type Address Space Size 16-Bit Absolute Address Area

H8SX maximum mode 32 0 to H'7FFF, H'FFFF0000 to H'FFFFFFFF
H8SX advanced mode 28 0 to H'7FFF, H'FFF0000 to H'FFFFFFF
H8SX middle mode 24 0 to H'7FFF, H'FF0000 to H'FFFFFF
H8S/2600 advanced mode 20 0 to H'7FFF, H'FO000 to H'FFFFF

H8S/2000 advanced mode
H8/300H advanced mode

Example

To access the variables a, b, and ¢ allocated in the 16-bit absolute address area:

(C/C++ program)

Specification using the #pragma statement

#pragma abs16 (a,b,c)
const int a=1;

int b=1;

int c;

voi d func(void)

{
}

c=b=a;

(Compiled result of assembly expansion code)

Not specified

MV. W #1, RO

MV.W RO @b: 32
MV.W RO @c: 32
_SECTION G, DATA, AL G\=2

. DATA.W H 0001
. SECTI ON D, DATA, ALI GN=2

.DATA. W H 0001
. SECTI ON B, DATA, ALI G\=2

. RES. W 1

MV.W  #1, RO

MV.W RO @b: 16

MV.W RO @c: 16

_SECTION $ABS16C, DATA, ALl GN=2

. DATA.W H 0001
. SECTI ON  $ABS16D, DATA, ALI G\N=2

. DATA.W H 0001
. SECTI ON  $ABS16B, DATA, ALI G\=2

. RES. W 1
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Object Size Comparison [byte]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 22 18 22 18 18
Specified 18 18 18 18 18
H8SX
CPU Type MAX ADV NML
Not specified 18 18 14
Specified 14 14 14

Execution Speed Comparison [cycle]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 15 12 30 24 24
Specified 13 12 26 24 24
H8SX
CPU Type MAX ADV NML
Not specified 10 10 9
Specified 9 9 9

Remarksand Notes

This specification is valid only with the CPU/operation mode, H8SX X, H8SXA, H8SXM, 2600a, 20003, or 300ha.
The #pragma absl16 cannot be specified for data that have previously been declared.

This specification isvalid only for external variables.

The name of the section to which data are output can be modified with the #pragma statement.

At linkage, sections starting with $ABS16 are allocated to the 16-bit absolute address area.

5.4.13 UsingIndirect Memory Format

Size | (0] | Speed | X |

Description

When frequently-used functions are accessed in the indirect memory format, ROM efficiency isimproved. If afunction
addressis stored in the indirect memory area at linkage, the function is called in the indirect memory format when it is
called. In this case, the execution speed is lowered but the program size is reduced because the function can be called with
ashort instruction.

There are the following two ways to specify the indirect memory format:
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(1) Specifying with an expansion function
[Format]

#pragmaindirect (<function name>[(vect=<vector number>)][,...])
__indirect[(vect=<vector number>)] <type specifier> <function name>
<type specifier> __indirect[(vect=<vector number>)] <function name>

(2) Specifying with an option
Dialog menu: C/C++ Tab Category: [Optimize] Function call: @@aa:8
Command line : indirect=Normal

The indirect memory address areais the range from 00 to FF.

Specifying include to the include file indirect.h, all run-time routines to be used are called in the indirect memory format.

In addition, each run-time routine can be called in the indirect memory format individually.
Example

To cal the function func in the indirect memory format:

(C/C++ program)

Specifying in the #pragma statement

#pragnma i ndirect func «4— specifies #pragma indirect
extern void func(int, int);
extern int a,b,c;

int d;

voi d mai n(voi d)

{

b=0;
func(a, b);
func(b,c);
func(c, a);
d=c;

(Compiled result of assembly expansion code)

Not specified Specified
mai n: _main:

PUSH. L ER6 PUSH. L ER6
SuUB. W RO, RO SUB. W RO, RO
MOV. W RO, @b: 32 MOV. W RO, @b: 32
MOV. W RO, EO MOV. W RO, EO
MOV. W @a: 32, R0 MOV. W @a: 32, R0
JSR @func: 24 JSR @abf unc: 8
MOV. L # c, ER6 MOV. L # c, ER6
MOV. W @ER6, EO MOV. W @RS, EO
MOV. W @b:32,R0 MOV. W @b:32, RO
JSR @func: 24 JSR @abf unc: 8
MOV. W @a: 32, EO MOV. W @a: 32, EO
MOV. W @ER6, RO MOV. W @R6, RO
JSR @func: 24 JSR @asf unc: 8
MOV. W @ER6, R6 MOV. W @RS, R6
MOV. W R6, @d: 32 MOV. W R6, @d: 32
POP. L ER6 POP. L ER6
RTS RTS

RENESAS
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Object Size Comparison [byte]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 58 52 70 54 54
Specified 66 48 68 50 50
H8SX
CPU Type MAX ADV NML
Not specified 70 64 50
Specified 62 62 46

Execution Speed Comparison [cycle]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 75 58 152 118 118
Specified 78 58 158 118 118
H8SX
CPU Type MAX ADV NML
Not specified 49 46 43
Specified 50 50 44

Remarks and Notes

The $INDIRECT section should be allocated to the memory area 00 to FF where can be accessed in the indirect memory
format at linkage.

The indirect memory areais output to the "$INDIRECT" section. The section name can be modified using the #pragma
indirect section statement.

5.4.14 Using Extended Indirect Memory Format

Size | (0] | Speed | X |

Description

When frequently-used functions are accessed in the indirect memory format, ROM efficiency isimproved. When the CPU
is H8SX, the extended memory indirect addressing mode can be used additionally. This can also improve ROM efficiency.

There are the following two ways to specify the extended indirect memory format:
(1) Specifying with an expansion function
[Format]

__indirect_ex[(vect=<vector number>)] <type specifier> <function name>
<type specifier> __indirect_ex[(vect=<vector number>)] <function name>
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(2) Specifying with an option

Dialog menu: C/C++ Tab Category: [Optimize] Function call: @@vec:7

Command line : indirect= Extended

[The address ranges of the extended indirect memory addressing]

H8SX Normal Mode: the Areafrom 0x0100 to Ox01FF
H8SX Other Modes: the Area from 0x0200 to OxO3FF

Example

To call the function func in the extended indirect memory format:

When vector number is not specified by vect, the function address are stored in the section “$SEXINDIRECT” asthe

address table.

When vector number is specified, the section “$VECT***” as the address table is stored. In linkage, the Optimizing
Linkage Editor allocates the secttion to the corresponding address automatically.

(C/C++ program)

Specifying in the key word

int d;

{
b=0;
func(a, b);
func(b,c);
func(c, a);
d=c;

voi d mai n(voi d)

_indirect_ex void func(int, int);
extern int a,b,c;

«4— specifies __indirect_ex

(Compiled result of assembly expansion code)

Not specified Specified
_main: _main:

STM L (ER2- ER3), @ SP PUSH. L ER2
SUB. W EO, EO SUB. W EO, EO
MOV. W EO, @b: 32 MOV. W EO, @b: 32
MOV. L # func, ER2 MOV. W @a: 32, RO
MOV. W @a: 32, R0 JSR @aBsf unc: 7
JSR CER2 MOV. W @b: 32, RO
MOV. W @b: 32, RO MOV. L # c, ER2
MOV. L # ¢, ER3 MOV. W @ER2, EO
MOV. W @R3, EO JSR @absf unc: 7
JSR GER2 MOV. W @a: 32, E0
MOV. W @a: 32, EO MOV. W @R2, RO
MOV. W @R3, RO JSR @a@b$f unc: 7
JSR @ER2 MOV. W @GR2, @d: 32
MOV. W @R3, @d: 32 RTS/ L ER2
RTS/ L ( ER2- ER3)
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Object Size Comparison [byte]

H8SX
CPU Type MAX ADV NML
Not specified 82 76 58
Specified 74 74 54

Execution Speed Comparison [cycle]

H8SX
CPU Type MAX ADV NML
Not specified 61 58 55
Specified 62 62 56

Remarks and Notes

When vector number is not specified, the SEXINDIRECT section should be allocated to the memory area where can be
accessed in the extended indirect memory format at linkage.

The extended indirect memory areais output to the "$EXINDIRECT" section. The section name can be modified using the
#pragmaindirect section statement.

5.4.15 Specifying 2byte pointer

‘ Size | (@) | Speed | (@) |

Description

When frequently-used variables are allocated to the 16-bit absolute address area, size efficiency and execution speed are
both improved. ABS16 option, which is specified by the ABS16 option or the #pragma absl6, allocates data to the 16-bit
absolute address area.

This 2byte pointer option assumes the size of apointer to data as two bytes.
There are the following two ways to specify this function:

(1) Specifying with an expansion function

[Format]

<type specifier> _ ptrl6 * <variable>

(2) Specifying with an option

Dialog menu: C/C++ Tab Category: [Optimize] 2byte pointer
Command line: ptr16

If this option is not specified, the size of the pointer indicating datais four bytes. If this option is specified and the data
section is explicitly located in the 16-bit absolute address area, the size of the pointer indicating datais set to two bytes.
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Example
To refer the variable b by the two bytes pointer:
(C/C++ program)

Specifying in key word

__absl6 int a;

44— specifies __abs16

int _ ptrl6 *b;

voi d func(void);

int c; 44— specifies ___ptrl6

voi d func(void)

(Compiled result of assembly expansion code)

Not specified Specified
_func _func:
MOV. L #_a:32, @b: 16 MOV. L #_a, ERL
MOV. L @b: 16, ERO MOV. W R1, @b: 16
MOV. W #10: 8, @&RO MOV. W R1, RO
MOV. L @b: 16, ERO EXTS. L ERO
MOV. W @R0, @c: 16 MOV. W #10: 8, @RO
RTS MOV. W @b: 16, RO
EXTS. L ERO
MOV. W @R0, @c: 16
RTS
Object Size Comparison [byte]
H8SX
CPU Type MAX ADV NML
Not specified 36 36 24
Specified 34 34 24
Execution Speed Comparison [cycle]
H8SX
CPU Type MAX ADV NML
Not specified 23 19 16
Specified 22 18 16

Remarks and Notes

This keyword is valid only with H8SX advanced mode and H8SX maximum mode.

This keyword must be specified before an indirection operator "*".
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5.4.16 Boundary alignment value and boundary alignment

Size | (0] | Speed | (@) |

Description
The align option relocates variables so as to reduce space by boundary alignment.

The align=4 option divides a data section into a 4-byte boundary alignment section, a 2-byte boundary alignment section
and a 1-byte boundary alignment section.
(align=4 isvalid only with H8SX)

So size efficiency and execution speed are improved.*
Specification methods
Dialog menu: C/C++ Tab Category: [Object] Group by alignment

Command line: ALign [=4] (Default is ALign)
NOALign

Example
The explanations of data allocation order are as follows. They differ according to the option specification.

(C/C++ program)

char a;

short b;

char c;

| ong d;

#pragma section _v
short e;

long f;

#pragma section

voi d func(void)

{

a = 127;

b = Ox7fff;

c = 30;

d = Ox7fffffff;
e = 0x1000;

f = Ox1ffff;
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(1) noalign specified
Dataislocated in the order of declaration to section B and section B_v.

Asfollows, 2-byte-aligned datais always located at an even address, thus generating an empty area being unused after
odd-size data.

Section B Section B_v
a Empty area e
b
o —
c Empty area
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 2 bytes
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, SR y
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2 bytes

(2) align specified

In order to minimize the empty area, 2-byte aligned data(short, long, float) is allocated before 1-byte aligned datato
section B and section B_v.

Thus no empty areais generated as follows.

Section B Section B_v
b e
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ dee——— R —
a C 2 byteS .........................
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2 bytes

(3) align=4 specified
Data are categorized into the following 3 groups:

(a) datawhose sizeisamultiple of 4
(b) datawhose sizeis odd
(c) the others (data whose sizeis even but is not amultiple of 4)

And the section name is changed as follows, respectively.

(a) "$4" is appended after the original section name
(b) "$1" is appended after the original section name
(c) the section name is unchanged

Rev.3.00 2005.09.12 5-69
REJ05B0464-0300
RENESAS



Section 5 Using the Optimization Functions

When the CPU typeis H8SX, the speed of access to a 4-byte data aligned on a 4-byte boundary addressisimproved.*

Section B$4 Section B_v$4
“““““““““““““““““““““““““ d f

Section B Section B_v

b e
.................................... 2 bytes
Section B$1
a c

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2 bytes

Section address allocation at align=4

To locate the 1-byte or 4-byte data section at specific addresses with align=4 specified, each section needs to be explicitly
specified with the start option of the optimizing linkage editor.

In HEW, Dialog menu: Link/Library Tab Category: [Section] is used.
Example

Allocate the section with $4 to amultiple of 4 addres.

Allocate the section with $1 in order to minimize the empty area.

Object Size Comparison [byte] (RAM size)

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 16 16 16 16 24
Specified 14 14 14 14 22
H8SX
CPU Type MAX ADV NML
Not specified 16 16 16
Specified 14 14 14
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Execution Speed Comparison [cycle]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Not specified 45 38 90 76 156
Specified 45 38 90 76 156
H8SX
CPU Type MAX ADV NML
Not specified 28 28 24
Specified 27 26 23

Remarksand Notes
Thisoption align=4 isvalid only with H8SX

Note: * Execution speed isimproved only with H8SX.

Generally 4 bytes data is accessed by two accesses of word instruction. When a 4-byte datais aligned on a 4-
byte boundary with align=4 and bus width is 32-hits, H8SX can access a 4-bytes data by one access.
In 16-bits bus width, datais accessed by two accesses of word instruction. Thus the execution speed is not

improved.

5.4.17 Explanation of Inter-Module Optimization Items

The inter-module optimizer supports the following optimization functions:

Description Dialog Menu Subcommand Referenced Section
Unifies constants/strings Unify strings String_Unify 5.4.17(1)
Deletes unreferenced variables/functions  Eliminate dead code Symbol_delete 5.4.17(2)
Optimizes access to variables Use short addressing Variable_access 5.4.17(3)
Optimizes access to functions Use indirect call/jump Funcation_call 5.4.17(4)
Optimizes register save/restore codes Reallocate registers Register 5.4.17(5)
Unifies instruction codes Eliminate same code Same_code 5.4.17(6)
Optimizes branch instructions Optimize branches Branch 5.4.17(7)

The following describes each optimization function.
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(1) Unification of Constants/Strings

The same value constants and the same strings having the const attribute are unified across the modules. The following
shows an example:

<C source> <compiler output codes> <After inter-module optimization>
filel.c _f1
) _f1: MOV. L #L1: 32, ERO
void f1() MOV. L #L1: 32, ERO :
{ : . SECTI ON__ C, DATA
printf("ABC"); . SECTI ON  C, DATA K
[T . SDATAZ " ABC"
. SDATAZ " ABC' :
_f2:
file2.c MOV. L #L1: 32, ERO
_f2: :
void f2() MOV. L #L2: 32, ERO P . SECTI ON C, DATA
{ : Changes labels
printf("ABC'); . SECTION _C, DATA
L2:
} i . SDATAZ " ABC" > DELETE
. Deletes

(2) Deletion of Unreferenced Variables/Functions

Variables/functions which are not referenced are del eted with this specification. When specifying this optimization,
confirm to specify an entry function. Without an entry function, this optimization is not performed.

The following shows an example:

<C source>

filel.c

<compiler output codes> <After inter-modul e optimization>

extern long a,b,c;

void f()
{a=1;}
file2.c
extern long a, b, c; . . SECTI ON B, DATA . . SECTI ON B, DATA
voi d g() _a: .RES.L 1 _a: .RES.L 1
{b=1;} _b: .RES.L 1 _b: .RES.L 1
i c: .RES.L 1 >
— DELETE
file3.c
long a,b,c;

?

Variable “c” assumed to
be unreferenced

Deletes variable “c”
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(3) Optimization of Accessto Variables

If an area accessible in the 8- or 16-bit absolute addressing mode has space, frequently accessed variables are allocated,
the optimization of the access codes for the variables are allocated, and the access codes of the variable are optimized by

this specification.
<C source> <compiler output codes> <After inter-modul e optimization>

Moves variable val to 8-
bit address space

val \\\
char val; oxffffffoo _ OxffFfffo0] M val
void f() 8-bit absolute
address space

} val =10; OXfFffiff OXFFFfffff
Assumes that _f: _f:
external variable MOV. B #10, ROL MOV. B #10, ROL
“val” is frequently MOV. B ROL, @val : 32 I >| MOV.B ROL, @val : 8 |
accessed

6 bytes, 4 states 2 bytes, 2states

Optimizes access
code for variable val

(4) Optimization of Accessto Functions

If the memory range from 0 to OxFF has space, the optimization of assigning addresses of functions frequently accessed is
performed.

<C source> <compiler output codes> <After inter-modul e optimization>

0x00

Assigns address of address of “f’
function f to indirect
memory address

Indirect
memory
access space

space
OxFH
voi d main()
Optimizes calling
FQ): ~main: code for function f | | ~TBL0:
90); [ ISR  @f:24] [ JSR  @mf:8|
} JNP @g: 24 JVP @g: 24
4 bytes, Sstates 2 bytes, 6states
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(5) Reallocation of Registers

The relationships between function calls are analyzed and redundant register save/restore codes are deleted with this
specification. In addition, depending on the register state before and after the function call, the register numbers to be used
are modified.

<C source> <compiler output codes> <After inter-module optimization>
filel.c
void £1() Uses ERG6 before
and after function
: sub is called. _sub: _sub:
sub() ; \4 PUSH L EFRD
: PUSH. L ER5 DELEETE
} file3.c >
MV.L @a, ER6 MV.L @a, ER3
long a, b; MWV.L @b, ER5 MOV.L @b, ER5
voi d sub() ADD. L ERS5, ER6 ADD. L ER5, ER3
{ N MOV. L ER6, @a MOV. L ER3, @a
file.c a+=b;
POP. L ERS Changes DELETE
void f2() POP. L ER6 ER6 to ER3
RTS and deletes RTS
: Uses ER4 before savefrestor
sub(): | and after function e code.
} ' sub is called.

(6) Unification of Common Code

Multiple strings representing the same instruction are unified into a subroutine and the code size is reduced with this
specification.

<C source> <compiler output codes> <After inter-modul e optimization>
filel.c
extern int a,b,c; _f1: - f1:
void f1() : :
{ MV. W @b: 32, RO JSR @lL
: M MW.W @c:32,RL :
a=b+c; ADD.W R1,RO
: MV. W RO, @a: 32 _f2:
} : /v :
JSR L
g -
file2.c 3
@D .
extern int a,b,c; _f2: LL: .
void f1() : - ;
MV.W @b:32, R0 ||l —1 MV. W @b: 32, RO
L] — MWV. W @c:32,Rl
: MV. W @c:32, Rl ADD.W RL RO
a=b+c; ADD.W R1, RO NOV W RO @_a' 32
: MV.W RO, @a: 32 RTS L=
} RTS
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(7) Optimization of Branch Instructions

Based on the program allocation information, the branch instruction size is optimized. If any other optimization item is
executed, this optimization is always performed regardless of whether it is specified or not.

<C source>

filel.c

extern int a;
voi d f1()

f2();
a=0;

file2.c

int a
voi d f2()
{

}

a=1;

5.4.18

<compiler output codes>

<After inter-modul e optimization>

8-bit width line
displacement | ¢. f1:
JSR @f2:24 BSR  _f2:8
SUB.W RO, RO SUB.W RO, RO
MV.W RO, @a:32 |—» MOV. W RO, @a: 32
RTS RTS
tf 2: _f2:

Disable of I nter-Module Optimization

The inter-modul e optimizer supports functions to disable a specific optimization function.

When this function is used for a program in which a specific optimization item should be disabled, detailed specification
can be provided and then the disable of optimization is performed concisely.

The inter-module optimizer supports the following functions to disable optimization items:

Optimization-Disabled Item

Unit to Specify

Dialog Menu

Subcommand

Disables deletion of unreferenced
symbols

Symbol name

Elimination of dead code

symbol_forbid

Disables elimination of same codes

Function Name

Elimination of same code

samecode_forbid

Disables allocation of short absolute

address areas

Variable name

Use of short addressing to

variable_forbid

Disables indirect address calls

Function name

Use of indirect call/jump to

function_forbid

Disables register reallocations

Address[+size]

Memory allocation

absolute_forbid
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Section 6 Efficient Programming Techniques

In addition to the optimization performed by the H8S and H8/300 C/C++ compiler, the performance of a program can
further be improved by efficient programming techniques.

This section describes methods that the user might consider to create efficient programs.

(i) Rulesfor reducing program size
To reduce the program size, similar processing tasks should be commonly used and complex functions should be
reviewed for potential improvement.

(i) Rules for improving execution speed
The execution speed islargely afunction of frequently executed statements and complex statements. The user should
review the processing of these statements so that he or she can improve the program by focusing on critical points.

Because of compiler's optimization function, the actual execution speed may differ from the performance level determined
on apriori basis. Improvements in performance should be pursued by employing a variety of techniques and by verifying
the actual performance using the compiler.

In this section, the assembly language expansion code is supplied by assuming that the type of CPU used is the H8S/2600
Series running in the advanced mode. The assembly language expansion code provided in this section is subject to change
as the compiler undergoes further improvementsin its design.

The performance is measured under the following conditions.
[Cross Tools for Measurement]
H8S,H8/300 C/C++ Library Generator (Ver. 2.01.00.001)
H8S,H8/300 C/C++ Compiler (Ver. 6.01.00.009)
H8S,H8/300 Assembler (Ver. 6.01.01.000)
Optimizing Linkage Editor (Ver. 9.00.02.000)
[Option Specification]
Default options are used, when option specification methods are not described in each section.

[Measurement Conditions]

Conditions H8/300, H8/300H H8S/2600,H8S/2000 H8SX
Bus Width 16 16 32
Access State to Memory 2 1 1
Fetch Size - - 32
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Following isalist of effic

ient programming techniques:

No. Type Item Size Speed Referenced Section
1 Type Using 1-byte data types (char/unsigned char) @) 0] 6.1.1
2 declarations Using unsigned variables (0] (0] 6.1.2
3 Suppressing redundant type conversions (@) (@) 6.1.3
4 Using the const qualifier 0] @) 6.1.4
5 Using consistent variable sizes (0] (0] 6.1.5
6 Specifying in-file functions as statics (0] - 6.1.6
7 Operations Unifying common expressions (@) (@) 6.2.1
8 Improving the condition determination 0 @) 6.2.2
9 Condition determination using substitution values O A 6.2.3
10 Using a suitable algorithm (@) (@) 6.2.4
11 Using formulas @) @) 6.2.5
12 Using local variables 0] @) 6.2.6
13 Assigning an “f” to float-type constants (@) (@) 6.2.7
14 Specifying constants in shift operations (@) (@) 6.2.8
15 Using shift operations (@) (@) 6.2.9
16 Unifying consecutive ADD instructions (@) (@) 6.2.10
17 Loop Selecting a Loop counter (@) (@) 6.3.1
18 processing Selecting a repeat control statement (@) (@) 6.3.2
19 Moving invariant expression from the inside to (@) (@) 6.3.3
the outside of a loop
20 Merging loop conditions @) @) 6.3.4
21 Pointers Using pointer variables (@) (@) 6.4.1
22 Data structures  Ensuring data compatibility (@) - 6.5.1
23 Techniques for data initialization (@) (@) 6.5.2
24 Unifying the initialization of array elements (0] (0] 6.5.3
25 Passing parameters as a structure address 0] 0] 6.5.4
26 Assigning structures to registers (@) (@) 6.5.5
27 Functions Improving the program location in which - (@) 6.6.1
functions are defined
28 Macro calls O O 6.6.2
29 Declaring a prototype - - 6.6.3
30 Optimization of tail recursions @) @) 6.6.4
31 Improving the way parameters are passed (0] (0] 6.6.5
32 Branches Rewriting switch statements as tables (@) (@) 6.7.1
33 Coding a program in which case statements (0] (@) 6.7.2
jump to the same label
34 Branching to a function coded directly below a (@) (@) 6.7.3
given statement
Legend:

O: Higher efficiency A: No change X: Lower efficiency —: Not applicable
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6.1 Type Declarations

6.1.1 Using Byte Data Types (char/unsigned char)

Size | (0] | Speed | (0] | Stack size ‘ A ‘

Important Points

For improvementsin ROM efficiency and execution speed, data that can be represented in 1-byte size should be declared
as achar/unsigned char type.

Description
The H8S and H8/300 Series CPU provides an instruction set that can efficiently operate on byte-size data.

Therefore, both ROM efficiency and execution speed can be improved by declaring any byte-sized data as a char/unsigned
char type before the data are used.

Example

Determine the logical product between the variable a and the constant 0x80, and store the result in the variable a.

(C language program before optimization) (C language program after optimization)
int a; char a;
voi d func(void) voi d func(void)
{
a&=0x80; a&=0x80;
} }
(Expanded into assembly language code; before (Expanded into assembly language code; after
optimization) optimization)
_func: _func:
MOV. L #_a, ERO MOV. L # a, ERO
MOV. W @RO, R1 MOV. B @ERO, RIL
AND. W #128, R1 AND. B #-128, R1L
MOV. W R1, @RO MOV. B R1L, @RO
RTS RTS
_a: _a:
. RES. W 1 .RES. B 1
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Object Size Table [byte]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 18 14 16 14 14
After 16 12 14 12 12
H8SX
CPU Type MAX ADV NML
Before 12 12 10
After 10 10 8
Execution Speed Table [cycle]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 15 12 28 24 24
After 14 11 26 22 22
H8SX
CPU Type MAX ADV NML
Before 11 11 10
After 9 9 9

6.1.2 Using Unsigned Variables

Size | (0] | Speed | (0] | Stack size ‘ A ‘

Important Points

For improvements in both object efficiency and execution speed, any variable whose value is always positive should be
declared as unsigned.

Description

When expanding a given dataitem into alarger datatype, the compiler performs a sign expansion if the data item is signed
data; if it is unsigned data, the compiler performs a zero expansion. Because the H8/300 series CPU does not have a data
expansion instruction, for handling signed data the CPU requires a sign-determination object. For this reason, both ROM
efficiency and execution speed can be improved by qualifying any variable whose value is always positive as an unsigned
variable.

Notice that because the H8S and H8/300H CPUs are provided with a data expansion instruction, declaring a positive-value
variable as an unsigned variable will have no effect on the performance of these CPUs.

Example
Expand the variable ainto the int type; set the result to the variable b.

Following are the results of compiling the program on a 300 CPU:
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(C language program before optimization) (C language program after optimization)
char a; unsi gned char a;
int b; int b;
voi d func(void) voi d func(void)
{ {
b=a; b=a;
} }
(Expanded into assembly language code; (Expanded into assembly language code; after
before optimization) optimization)
_func: _func:
MOV. B @a: 16, ROL MOV. B @a: 16, ROL
BLD. B #7, ROL SUB. B ROH, ROH
SUBX. B ROH, ROH MOV. W RO, @b: 16
MOV. W RO, @b: 16 RTS
RTS

Object Size Table [byte]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 16 12 16 12 14
After 16 12 16 12 12
H8SX
CPU Type MAX ADV NML
Before 16 16 12
After 16 16 12
Execution Speed Table [cycle]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 14 11 28 22 24
After 14 11 28 22 22
H8SX
CPU Type MAX ADV NML
Before 11 11 10
After 11 11 10
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6.1.3 Suppressing Redundant Type Conversions

Size | (0] | Speed | (0] | Stack size ‘ A ‘

Important Points

Both ROM efficiency and execution speed can be improved by ensuring that operations are performed between data items
of the same size.

Description

Operations performed between data items of different sizes generate superfluous sign expansion instructions and zero
expansion instructions, which causes a conversion of the smaller data type to the larger data type. Both ROM efficiency
and execution speed can be improved by ensuring that the data items are of the same size.

Example

Add the variables a and b; set the results to the variable c.

(C language program before optimization) (C language program after optimization)
unsi gned char a; int a,b,c;
int b,c;
voi d func(void) voi d func(void)
c=atb; c=a+b;
} }
(Expanded into assembly language code; (Expanded into assembly language code;
before optimization) after optimization)
_func: _func:
MOV. B @a: 32, ROL MOV. W @a: 32, R0
EXTU. W RO MOV. W @b: 32, E0
MOV. W @b: 32, E0 ADD. W EO, RO
ADD. W EO, RO MOV. W RO, @c: 32
MOV. W RO, @c: 32 RTS
RTS
_a _a:
.RES. B 1 .RES. W 1
b _b:
.RES. W 1 .RES. W 1
_cC: _C:
.RES. W 1 .RES. W 1

Object Size Table [byte]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 24 18 24 18 18
After 22 16 22 16 16
H8SX
CPU Type MAX ADV NML
Before 24 24 18
After 22 22 16
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Execution Speed Table [cycle]

H8S/2600, H8S/2000  H8/300H H8/300

CPU Type ADV NML ADV NML NML

Before 19 15 38 30 30

After 18 14 36 28 28
H8SX

CPU Type MAX ADV NML

Before 13 13 12

After 13 13 12

6.1.4 Using the const Qualifier
Size | (0] | Speed | (0] | Stack size ‘ - ‘

Important Points

Initialization data whose value remains unchanged should be const-qualified to save the RAM area.

Description

Dataitems that areinitialized are often subject to change in values. These dataitems are allocated on the ROM during
linking and copied into the RAM at the start of program execution, which causes them to be allocated in both ROM and
RAM areas. Data items whose values remain unchanged throughout program execution can be const-qualified so that they
are allocated only in a ROM area.

Example

Allocate 5 bytes of initialization data.

(C language program before optimization)

unsi gned char a[5] =
{1, 2, 3, 4, 5};

(C language program after optimization)

const unsigned char a[5]=

{1, 2, 3, 4, 5};

(Expanded into assembly language code; before
optimization)

. SECTI ON D, DATA, ALI GN=2
a:

~ _DATA. B H 01, H 02, H 03, H 04, H 05

a

(Expanded into assembly language code; after
optimization)

. SECTI ON  C, DATA, ALI G\=2

. DATA. B

H 01, H 02, H 03, H 04, H 05

Remarks and Notes

The program, before optimization, requires the allocation of a data area of the size listed in the object size table in the
RAM in addition to the ROM.

In the case of character string data, its output destination can be specified in an option.

RENESAS
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[ Specification method]
Dialog menu: C/C++Tab Category: [Object] Store string data in: Const section | Data section
Command option: string=const | data

The default is data output to the Const section.

6.1.5 Using Consistent Variable Sizes

Size | (0] | Speed | (0] | Stack size ‘ A ‘

Important Points

When making comparisonsin aloop statement, use a uniform variable size to eliminate the need for expansion code and to
reduce the resulting code size.

Description

When comparing one data item with another, the compiler first makes sure that these data items are of the same size. By
coding the program in such away that these data items are of the same size, the user can eliminate the need for expansion
code and improve the speed.

Example

Call the function funcl by looping.

(C language program before optimization) (C language program after optimization)
extern char tb[5]; extern char tb[5];
voi d sub(void) voi d sub(void)
{ {
int i; unsigned int i;
for (i=0; i<2L; i++) for (i=0; i<2L; i++)
funcl(tb[i]); funcl(tb[i]);
} }
(Expanded into assembly language code; before (Expanded into assembly language code; after
optimization) optimization)
_sub: _sub:
PUSH. L ER6 PUSH. L ER6
SUB. W R6, R6 SUB. W R6, R6
L6: L6:
EXTS. L ER6 EXTU. L ER6
MOV. B @ _tbh: 32, ER6), ROL MOV. B @ _tbh: 32, ER6), ROL
JSR @funcl: 24 JSR @funcl: 24
I NC. W #1, R6 I NC. W #1, R6
EXTS. L ER6
CWP. L #2, ER6 cwP. W #2, R6
BLT L6: 8 BLO L6: 8
POP. L ER6 POP. L ER6
RTS RTS
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Object Size Table [byte]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 34 30 40 34 50
After 34 28 36 26 28
H8SX
CPU Type MAX ADV NML
Before 32 30 26
After 32 30 24
Execution Speed Table [cycle]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 59 50 124 102 378
After 59 49 116 86 90
H8SX
CPU Type MAX ADV NML
Before 43 43 41
After 43 43 37

6.1.6 Specifying In-File Functions as static Functions

‘ Size | (0] | Speed | (0] | Stack size ‘ (0] ‘

Important Points
Functions that are used only within a file should be static specified.
Description

Functions that are static specified are deleted if they are not called by an external function. When specified for inline
expansion, such functions are also deleted, which improves size efficiency.

Example
Specify afunction for inline expansion.

Call the function func from the function main.

Rev.3.00 2005.09.12 6-9
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(C language program before optimization)

#pragna inline func

(C language program after optimization)

#pragna inline func

int a,b;
voi d func()

a+=10;

voi d main()

int a,b;
static void func()

a+=10;

voi d main()

a=1; a=1;
func(); func();
b=a; b=a;
} }
(Expanded into assembly language code; (Expanded into assembly language code; after
before optimization) optimization)
_func: _main:
MOV. L #_a, ERO MOV. W #11, RO
MOV. W @RO, R1 MOV. W RO, @a: 32
ADD. W #10, R1 MOV. W RO, @b: 32
MOV. W R1, @RO RTS
RTS
_main:
MOV. W #11, RO
MOV. W RO, @a: 32
MOV. W RO, @b: 32
RTS
Object Size Table [byte]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 36 28 34 28 28
After 18 14 18 14 14
H8SX
CPU Type MAX ADV NML
Before 26 26 20
After 14 14 10
Execution Speed Table [cycle]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 15 12 30 24 24
After 15 12 30 24 24
H8SX
CPU Type MAX ADV NML
Before 10 10 8
After 10 10 8
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6.2 Operations

6.2.1 Unifying Common Expressions

Size | (0] | Speed | (0] | Stack size ‘ (0] ‘

Important Points

Both ROM efficiency and execution speed can be improved by unifying common components in multiple arithmetic
expressions.

Description

If common expressions occur in multiple expressions, the results of the operation on the first expression should be used in
the second and subsequent expressions, which reduces the number of arithmetic operations performed. Thisimproves both
ROM efficiency and execution speed.

If acommon expression occurs three or more timesin alocal variable, the compiler performs optimization.
Example

Add the variables x, y, and z; store the resultsin the variable a. Similarly, add variables x, y, and w; store the resultsin the
variable b.

(C language program before optimization)

unsi gned char a,b,w, x,vy, z;
voi d func(void)

(C language program after optimization)

unsi gned char a, b, w, x,vy, z;
voi d func(void)

a=x+y+z; unsi gned char tnp;
b=x+y+w; t Np=x+y;
} a=t np+z;
b=t np+w;

(Expanded into assembly language code;
before optimization)

(Expanded into assembly language code;
after optimization)

_func: _func:
MOV. B @x: 32, R1L MOV. B @x: 32, ROH
MOV. B @y: 32, ROH MOV. B @y: 32, ROL
ADD. B R1L, ROH ADD. B ROL, ROH
MOV. B ROH, R1H MOV. B @z: 32, ROL
MOV. B @z: 32, ROL ADD. B ROH, ROL
ADD. B ROL, ROH MOV. B ROL, @ a: 32
MOV. B ROH, @ a: 32 MOV. B @w. 32, ROL
MOV. B @w 32, ROL ADD. B ROL, ROH
ADD. B ROL, R1H MOV. B ROH, @b: 32
MOV. B R1H @b: 32 RTS
RTS
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Object Size Table [byte]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 44 32 46 34 34
After 46 34 44 32 32
H8SX
CPU Type MAX ADV NML
Before 44 44 32
After 46 46 34
Execution Speed Table [cycle]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 32 25 66 52 52
After 33 26 64 50 50
H8SX
CPU Type MAX ADV NML
Before 21 21 19
After 22 22 19

Remarks and Notes

Although the compiler performs the optimization by unifying the common expressions for local variables, it does not
perform that for external variables.

6.2.2 Improving the Condition Deter mination

Size | (0] | Speed | (0] | Stack size ‘ A ‘

Important Points
ROM efficiency can be improved by evaluating similar condition expressions in one operation.
Description

Similar condition expressions should be evaluated in on operation to reduce the number of times condition determination
and condition expressions are evaluated. Thisimproves both ROM efficiency and execution speed.

Example

Determine the logical product of variables a and b; return the results to the calling function.
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(C language program before optimization)

unsi gned char a, b;
unsi gned char func(void)

if ('a) return(0);
if (a&&!b) return(0);
return(l);

(C language program after optimization)

unsi gned char a, b;
unsi gned char func(void)

if (a&&b) return(l);
el se return(0);

(Expanded into assembly language code; before
optimization)

(Expanded into assembly language code; after
optimization)

_func: _func:
MOV. B @a: 32, ROH MOV. B @a: 32, ROL
BNE L6:8 BEQ L5:8
SUB. B ROL, ROL MOV. B @b: 32, ROL
RTS BEQ L5: 8
L6: MOV.B ROH, ROH MOV. B #1, ROL
BEQ L7:8 RTS
MOV. B @b: 32, ROL L5: SUB.B ROL, ROL
BEQ L8: 8 RTS
L7: MOV.B #1, ROL
L8: RTS
Object Size Table [byte]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 26 22 30 24 24
After 26 22 26 20 20
H8SX
CPU Type MAX ADV NML
Before 26 26 22
After 26 26 22
Execution Speed Table [cycle]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 18 15 42 36 36
After 18 15 36 30 30
H8SX
CPU Type MAX ADV NML
Before 15 15 14
After 15 15 14

Remarks and Notes

The execution speed is measured by assuming that a=1 and b=1.
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6.2.3 Condition Determination Using Substitution Values

Size | (0] | Speed | (0] | Stack size ‘ A ‘

Important Points

When a substitution value is used in a condition expression for a determination statement, ROM efficiency can be
improved by treating the assignment statement as a condition determination statement.

Description

The code size can be significantly reduced by performing the determination and substitution of a condition expression
simultaneously.

Example

Copy character string s.

(C language program before optimization)

char *s, *d;
voi d func(void)

while(*s){
*d++ = *s++;
}

*d++ = *s++

(C language program after optimization)

char *s, *d;
voi d func(void)

whi | e(*d++ = *s++);

(Expanded into assembly language code; before
optimization)

(Expanded into assembly language code; after
optimization)

_func: _func:
STM L (ER4- ER5) , @ SP STM L (ER4- ER5) , @ SP
MOV. L # s, ER5 MOV. L # s, ER5
MOV. L #_d, ER4 MOV. L #_d, ER4
BRA L7:8 L5: MOV. L @ER5, ERO
L6: MOV. B @ERO+, R1L MOV. B @ERO+, R1L
MOV. L ERO, @RS MOV. L ERO, @RS
MOV. L @R4, ERO MOV. L @R4, ERO
MOV. B R1L, @RO I NC. L #1, ERO
MOV. L @ER4, ERO MOV. L ERO, @GR4
I NC. L #1, ERO MOV. B R1L, @ ERO
MOV. L ERO, GER4 BNE L5:8
L7: MOV. L @R5, ERO LDM L @8P+, ( ER4- ER5)
MOV. B @RO, R1L RTS
BNE L6: 8
MOV. B @ERO+, R1L
MOV. L ERO, @R5
MOV. L @R4, ERO
MOV. B R1L, @ERO
MOV. L @R4, ERO
I NC. L #1, ERO
MOV. L ERO, @GR4
LDM L @P+, ( ER4- ER5)
RTS
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Object Size Table [byte]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 80 62 74 54 54
After 52 32 44 36 34
H8SX
CPU Type MAX ADV NML
Before 70 70 56
After 52 52 32
Execution Speed Table [cycle]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 59 48 232 84 84
After 45 26 218 74 74
H8SX
CPU Type MAX ADV NML
Before 37 43 31
After 26 27 20
6.2.4 Using a Suitable Algorithm
Size | (0] | Speed | (0] | Stack size ‘ A ‘

Important Points

Both ROM efficiency and execution speed can be improved by using mathematical techniques.

Description

If an arithmetic expression contains common terms, those terms should be factored out to reduce the number of arithmetic

operations performed. Thisimproves both ROM efficiency and execution speed.

Example

Solve a third-order equation.

(C language program before optimization)
unsi gned char a, b, c,d,x,vy;
voi d func(void)

{
}

y=a* x* x* x+b* x* x+c* x+d;

(C language program after optimization)

unsi gned char a, b, c,d, x,y;
voi d func(void)

y=x*(x*(a*x+b) +c) +d;

RENESAS
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(Expanded into assembly language code; before (Expanded into assembly language code; after
optimization) optimization)
_func: _func:
PUSH. W R6 MOV. B @x: 32, R1L
MOV. B @x: 32, R6L MOV. B @a: 32, ROL
MOV. B R6L, ROL MJULXU. B R1L, RO
MJLXU. B R6L, RO MOV. B @b: 32, ROH
MOV. B ROL, R6H ADD. B ROH, ROL
MJULXU. B R6L, RO MJULXU. B R1L, RO
MOV. B @a: 32, ROH MOV. B @c: 32, ROH
MULXU. B ROH, RO ADD. B ROH, ROL
MOV. B @b: 32, R1L MJLXU. B R1L, RO
MJLXU. B R6H, RL MOV. B @d: 32, ROH
ADD. B R1L, ROL ADD. B ROH, ROL
MOV. B @c: 32, RIL MOV. B ROL, @y: 32
MJULXU. B R6L, R1 RTS
ADD. B R1L, ROL
MOV. B @d: 32, ROH
ADD. B ROH, ROL
MOV. B ROL, @y: 32
POP. W R6
RTS

Object Size Table [byte]

H8S/2600, H8S/2000 H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 64 52 62 50 50
After 56 44 50 38 38
H8SX
CPU Type MAX ADV NML
Before 64 64 52
After 58 58 46
Execution Speed Table [cycle]
H8S/2600, H8S/2000 H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 56 49 150 136 136
After 48 41 106 92 92
H8SX
CPU Type MAX ADV NML
Before 33 29 26
After 27 27 24
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6.2.5

Using Formulas

Size

| (0] | Speed | (0] | Stack size

[ 2]

Important Points

If an appropriate mathematical formula exists for a given arithmetic expression, both ROM efficiency and execution speed
can beimproved by using the formula.

Description

Use a mathematical formulato reduce the number of arithmetic operations required in an algorithm-oriented coding
technique. Thisimproves both ROM efficiency and execution speed.

Example

Calculate the sum of 1 through 100.

(C language program before optimization)

unsi gned int s;
unsi gned i nt n=100;
voi d func(void)

unsigned int i;
for (s=0,i=1;i<=n;i++)

(C language program after optimization)
unsi gned int s;

unsi gned int n=100;

voi d func(void)

s=n*(n+1) >>1;

Object Size Table [byte]

S+=i
}
(Expanded into assembly language code; (Expanded into assembly language code; after
before optimization) optimization)
_func: _func:
MOV. L #_s:32,ERL MOV. W @n: 32, Rl
SUB. W RO, RO MOV. W R1, RO
MOV. W RO, @ERL I NC. W #1, RO
MOV. W #1: 16, EO MULXU. W R1, ERO
BRA L7:8 SHLR W RO
L6: MOV. W @ER1, RO MOV. W RO, @s: 32
I NC. W #1, RO RTS
MOV. W RO, @ERL
I NC. W #1, EO
L7: MW. W @n: 32, R0
P, W RO, EO
BLS L6: 8
RTS
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 38 32 38 34 38
After 24 20 24 20 30
H8SX
CPU Type MAX ADV NML
Before 36 36 30
After 24 24 20

Rev.3.00 2005.09.12 6-17

RENESAS

REJ05B0464-0300



Section 6 Efficient Programming Techniques

Execution Speed Table [cycle]

H8S/2600, H8S/2000  H8/300H H8/300

CPU Type ADV NML ADV NML NML

Before 1322 1118 2644 2438 2450

After 20 17 54 48 144
H8SX

CPU Type MAX ADV NML

Before 916 916 815

After 14 14 13

6.2.6 Using Local Variables
Size | (0] | Speed | (0] | Stack size ‘ (0] ‘

Important Points

In the case of temporary variables, loop counters, and so forth that can be used as local variables, both ROM efficiency
and execution speed can be improved by declaring them aslocal variables.

Similarly, efficiency can be improved by assigning external variables that are common to multiple arithmetic expressions
into local variables before operations are performed upon them.

Description

Because most local variables are assigned to registers, unlike external variables, the use of local variables can generate an
object that does not contain data transfers between memory and registers.

In the case of variables that do not change values due to a function interrupt and other causes, those variables should be
assigned to local variables before arithmetic operations are performed on them. This also improves both ROM efficiency
and execution speed for the reasons stated above.

Example

Add the variable a to variables b, ¢, and d; store the resultsin the variables b, ¢, and d.

(C language program before optimization) (C language program after optimization)
unsi gned char a,b,c,d; unsi gned char a,b,c,d;
voi d func(void) voi d func(void)

b+=a; unsi gned char wk;

c+=a; wk=a;

d+=a; b+=wk;
} c+=wk;

d+=wk;
}
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(Expanded into assembly language code; before (Expanded into assembly language code; after
optimization) optimization)
_func: _func:
STM L (ER2- ER3), @ SP MOV. B @a: 32, R1H
MOV. L #_a: 32, ER3 MOV. L #_b: 32, ERO
MOV. B @R3, ROL MOV. B @RO, R1L
MOV. L #_b: 32, ER1 ADD. B R1H R1L
MOV. B @R1, R2L MOV. B R1L, @RO
ADD. B ROL, R2L MOV. L #_c: 32, ERO
MOV. B R2L, @ERL MOV. B @RO, R1L
MOV. B @ER3, ROL ADD. B R1H R1L
MOV. L #_c:32, ER1 MOV. B R1L, @GERO
MOV. B @R1, R2L MOV. L #_d: 32, ERO
ADD. B ROL, R2L MOV. B @RO, RIL
MOV. B R2L, @RL ADD. B R1H R1L
MOV. B @R3, R3L MOV. B R1L, @GERO
MOV. L #_d: 32, ERO RTS
MOV. B @RO, R1L
ADD. B R3L, R1L
MOV. B R1L, @RO
LDM L @BP+, (ER2- ER3)
RTS
Object Size Table [byte]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 50 36 60 50 50
After 50 36 48 40 40
H8SX
CPU Type MAX ADV NML
Before 32 32 24
After 32 32 24
Execution Speed Table [cycle]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 36 28 156 64 64
After 36 28 56 48 48
H8SX
CPU Type MAX ADV NML
Before 20 20 18
After 20 20 18

RENESAS

Rev.3.00 2005.09.12 6-19

REJ05B0464-0300



Section 6 Efficient Programming Techniques

Remarksand Notes
Thistechnique is effective for the compilers before Ver.3.0.

Improvements with the compiler Ver.4.0 or higher made variables be assigned to registers, and therefore using local
variables may expand the compiler the same assembly-language code.

Assembly expansion code, object size and execution speed in this section code the results of compiling by the compiler
Ver.3.0 (other than H8SX).

In some cases, the local variable, to which an external variable is assigned, is not assigned to aregister. Check the object
list to determine which local variables are register-assigned.

6.2.7 Assigning an f to float-Type Constantss

Size | (0] | Speed | (0] | Stack size ‘ (0] ‘

Important Points

In the case of afloating-point arithmetic operation involving a constant that is within the allocable range of values for the
float type (7.0064923216240862¢e-46f to 3.4028235677973364e+38f), assign the letter “f” following the numeric value to
eliminate the possibility of a superfluous type conversion to the double type.

Description

Floating-point constants are normally treated as double type constants. If used directly, such constants are computed in the
double type, which requires extensive operations. If the constant is alogarithmic constant whose value is within the range
(7.0064923216240862¢e-46f to 3.4028235677973364e+38f), the letter “f” should be attached to the end of the constant so
that it will be treated as afloat type constant. This substantially reduces the number of instructions generated and improves
ROM efficiency, RAM efficiency, aswell as the execution speed.

Example

Assign the sum of the variable b and a constant to the variable a.

(C language program before optimization) (C language program after optimization)
float a,b; float a,b;
voi d func(void) voi d func(void)
{
a=b+1. 0; a=b+1. Of ;
} }
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(Expanded into assembly language code; before (Expanded into assembly language code; after
optimization) optimization)
_func: _func:
PUSH. L ER2 MOV. L @b: 32, ERO
SUB. W #16, R7 MOV. L #1065353216, ERL
MOV. L @b: 32, ERL JSR @PADDF$3: 24
MOV. L SP, ERO MOV. L ERO, @a: 32
ADD. W #8, RO RTS
JSR @FTOD$3: 24 _a: .RES. L 1
MOV. L ERO, ER1 b: .RES. L 1
MOV. L #L5, ER2 -
MOV. L SP, ERO
JSR @ADDD$3: 24
JSR @DTOF$3: 24
MOV. L ERO, @a: 32
ADD. W #16, R7
POP. L ER2
RTS
L5: .DATA L H 3FF00000, H 00000000
_a: .RES.L 1
_b: .RES.L 1
Object Size Table [byte]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 76 66 70 60 62
After 28 24 28 24 26
H8SX
CPU Type MAX ADV NML
Before 78 72 66
After 30 28 24
Execution Speed Table [cycle]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 351 337 798 770 1076
After 124 119 260 250 352
H8SX
CPU Type MAX ADV NML
Before 259 260 261
After 96 97 103
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6.2.8 Specifying Constantsin Shift Operations

Size | (0] | Speed | (0] | Stack size ‘ (0] ‘

Important Points

For shift operations, if the shift count is a variable, the compiler calls a runtime routine to process the operation. If the shift
count is a constant, the compiler does not call a runtime routine, which significantly improves the execution speed.

Description
If aconstant is resolved, the compiler can processit directly.
Example

Shift the variable data by 8 bits.

(C language program before optimization) (C language program after optimization)

int data; #define SHT 8

int sht=8; int data;

voi d func(void) voi d func(void)

dat a=dat a<<sht ; dat a=dat a<<SHT;

} }

(Expanded into assembly language code; before (Expanded into assembly language code; after

optimization) optimization)

_func: _func:
MOV. L #_dat a, ERO MOV. B @dat a+1: 32, ROH
MOV. W @sht: 32, R1 SUB. B ROL, ROL
JSR @DsSLI $3: 24 MOV. W RO, @dat a: 32
RTS RTS

_sht: _data:
. DATA. W H 0008 .RES. W 1

_data:
.RES. W 1

Object Size Table [byte]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 26 20 20 16 16
After 16 12 16 12 12
H8SX
CPU Type MAX ADV NML
Before 26 26 20
After 16 16 12
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Execution Speed Table [cycle]

H8S/2600, H8S/2000  H8/300H H8/300

CPU Type ADV NML ADV NML NML

Before 44 38 166 136 140

After 14 11 28 22 22
H8SX

CPU Type MAX ADV NML

Before 14 14 12

After 11 11 10

6.2.9 Using Shift Operations
Size | (0] | Speed | (0] | Stack size ‘ (0] ‘

Important Points

In performing multiplication and addition operations, whenever possible use shift operations.

Description

Composite assignment operators (+=, -=, &=, |=. ...and so forth) and shift operators are designed to take advantage of the
performance characteristics of the CPU in which they are used. When used judiciously, these operators can reduce the
code size and improve both size and speed. In particular, when multiplying avariable by a constant, the << (left shift

operator) should be used.

Example

Assign the value of data three timesto the variable a.

int data, a;
voi d mai n()

(C language program before optimization)

a=dat a+dat a+dat a;

int data, a;
voi d mai n()

(C language program after optimization)

a=(dat a<<1) +dat a;

_main:
PUSH. L

49888388
333

(Expanded into assembly language code;
before optimization)

m
3

optimization)

_main:
MOV. W
SHLL. W
MOV. W
ADD. W
MOV. W
RTS

(Expanded into assembly language code; after

@dat a: 32, RO
RO

@data: 32, R1
R1, RO

RO, @a: 32

RENESAS
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Object Size Table [byte]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 30 22 30 22 22
After 24 18 24 18 18
H8SX
CPU Type MAX ADV NML
Before 20 20 16
After 20 20 16
Execution Speed Table [cycle]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 17 13 34 26 26
After 14 11 28 22 22
H8SX
CPU Type MAX ADV NML
Before 12 12 11
After 13 13 12
Remarks and Notes
This technique can be used for the compilers before Ver.3.0.

Improvements with the compiler Ver.4.0 or higher made it possible to perform shift operations in multiplication and
addition operations, and therefore the compiler expands the same assembly-language code.

Assembly expansion code, object size and execution speed in this section code the results of the compilation by the

compiler Ver.3.0 (other than H8SX).
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6.2.10  Unifying Consecutive ADD Instructions

Size | (0] | Speed | (0] | Stack size ‘ A ‘

Important Points

Addition should be coded consecutively to ensure unification and to reduce the code size.

Description

When encountering consecutive addition codes, the compiler performs a unification optimization. To take advantage of
this optimization, whenever possible addition operations should be coded consecutively.

Example

Sum the value of the variable a.

(C language program before optimization) (C language program after optimization)
int a,b; int a,b;
voi d main() voi d mai n()
a+=10; b=10;
b=10; a+=10;
a+=20; a+=20;
} }
(Expanded into assembly language code; (Expanded into assembly language code; after
before optimization) optimization)
_main: _main:
MOV. W @a: 32, EO MoV. W #10, RO
ADD. W #10, EO MoV. W RO, @b: 32
MOV. W #10, RO MoV. W @a: 32, EO
MOV. W RO, @b: 32 ADD. W RO, EO
ADD. W #20, EO ADD. W #20, EO
MOV. W EO, @a: 32 MOV. W EO, @a: 32
RTS RTS
Object Size Table [byte]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 28 22 32 26 26
After 28 22 30 24 24
H8SX
CPU Type MAX ADV NML
Before 18 18 14
After 18 18 14

RENESAS
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Execution Speed Table [cycle]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 21 17 46 38 38
After 21 17 44 36 36
H8SX
CPU Type MAX ADV NML
Before 13 13 12
After 13 13 12

6.3 L oop Processing

6.3.1 Selecting a L oop Counter

‘ Size | (0] | Speed | (0] | Stack size ‘ A ‘

Important Points

Both ROM efficiency and execution speed can be improved by using a decrement counter and comparing the end
condition with zero.

Description

During the execution of adata transfer instruction (MQV instruction) in the H8S and H8/300 Series microcomputer, both
N and Z flags of the condition code register change. This eliminates the need for a compare instruction immediately after
the data transfer instruction, which improves both ROM efficiency and execution speed.

Example

Copy al elements of the array a to the array b.

(C language program before optimization) (C language program after optimization)
unsi gned char a[ 10], b[ 10]; unsi gned char a[ 10], b[ 10];
int i; int i;
voi d func(void) voi d func(void)
{
for(i=0; i<10; i++) for(i=9; i>=0; i--)
blil=alil; blil=a[i];
} }
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(Expanded into assembly language code; before (Expanded into assembly language code; after
optimization) optimization)
_func: _func:
STM L (ER4- ER5) , @ SP STM L (ER4- ER5) , @ SP
MOV. L #_ i, ERS MOV. L # i, ERS
MOV. W #1, RO MOV. W #9, RO
MOV. W RO, @ER5 MOV. W RO, @ER5
BRA L8:8 BRA L8:8
L6: MOV. W RO, R1 L6: MOV. W RO, R1
EXTS. L ER1 EXTS. L ER1
MOV. L ER1, ER4 MOV. L ER1, ER4
MOV. B @ _a: 32, ER4), ROL MOV. B @ _a: 32, ER4), ROL
MOV. B ROL, @ _b: 32, ER4) MOV. B ROL, @ _b: 32, ER4)
I NC. W #1, Rl DEC. W #1, Rl
MOV. W R1, @GR5 MOV. W R1, @GR5
L8 MWV. W @R5, RO L8 MWV. W @R5, RO
CWP. W #10, RO BCE L6: 8
BLT L6: 8 LDM L @P+, ( ER4- ER5)
LDM L @P+, ( ER4- ER5) RTS
RTS
Object Size Table [byte]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 46 30 54 38 38
After 48 34 52 36 36
H8SX
CPU Type MAX ADV NML
Before 30 30 24
After 36 36 32
Execution Speed Table [cycle]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 163 121 624 366 386
After 164 132 582 324 324
H8SX
CPU Type MAX ADV NML
Before 125 107 98
After 106 118 108
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6.3.2 Selecting a Repeat Control Statementt

Size | (0] | Speed | (0] | Stack size ‘ A ‘

Important Points

Both ROM efficiency and execution speed can be improved by using a do-while statement for loop statements that are
executed at least once.

Description

If aloop statement is executed at least once, it should be coded using a do-while statement to reduce the determination of
the loop count by one operation, which improves both ROM efficiency and execution speed.

Example

Copy the contents of the array p2 to the array p1.

(C language program before optimization) (C language program after optimization)
unsi gned char a[10], | en=10; unsi gned char a[ 10], | en=10;
unsi gned char p1[10], p2[10]; unsi gned char pl[10], p2[ 10];
voi d func(void) voi d func(void)
char i; char i=len;
for (i=len; i>0; i--) do{
pi[i-1]=p2[i-1]; pi[i-1]=p2[i-1];
} } while(--i);
}
(Expanded into assembly language code; before (Expanded into assembly language code; after
optimization) optimization)
_func: _func:
PUSH L ER5 PUSH. LER5
MOV. B @]l en: 32, RIL MV.B @I en: 32, R1L
BRA L9: 8 L9:
L8: EXTS W Rl EXTS. WR1
EXTS.L ER1 EXTS. LERL
MOV. L ER1, ER5 MOV. L ER1, ERS
MOV. B @ _p2-1: 32, ER5), ROL MOV. B @ _p2-1: 32, ER5), ROL
MOV. B ROL, @ _p1- 1: 32, ER5) MOV. B ROL, @ _p1-1: 32, ER5)
DEC. B R1L DEC. B R1L
L9: MOV. B R1L, R1L BNE L9:8
BGT L8:8 POP. L ER5
POP. L ERS RTS
RTS

Object Size Table [byte]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 47 29 47 39 33
After 43 25 43 35 29
H8SX
CPU Type MAX ADV NML
Before 35 35 29
After 31 31 25
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Execution Speed Table [cycle]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 210 142 388 324 296
After 195 127 358 294 266
H8SX
CPU Type MAX ADV NML
Before 134 134 133
After 117 117 116

6.3.3 Moving Invariant Expression from the Inside to the Outside of a L oop
Size | (0] | Speed | (0] | Stack size ‘ A ‘

Important Points
The execution speed can be improved by defining invariant expression occurring inside aloop on the outside of the loop.
Description

If an inequality occurring inside aloop is defined outside of the loop, the inequality is evaluated only at the beginning of
the loop, which reduces the number of instructions executed in the loop. The result is an improvement in execution speed.

Example

Initialize the array a using the sum of variablesb and c.

(C language program before optimization)
unsi gned char a[10], b, c;

int i;
voi d func(void)

(C language program after optimization)

unsi gned char a[10], b, c;
int i;
voi d func(void)

for (i=9; i>=0; i--) unsi gned char tnp;
ali]=b+c; t np=b+c;
} for (i=9; i>=0; i--)
ali] =tnp;
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(Expanded into assembly language code; before (Expanded into assembly language code; after
optimization) optimization)
_func: _func:
PUSH. L ER5 PUSH. W R4
MOV. L # i,ER5 MOV. L # i,ER1
MOV. W #9, RO MOV. B @b: 32, RAL
MOV. W RO, @R5 MOV. B @c: 32, ROL
BRA L9: 8 ADD. B ROL, R4L
L7: MOV. W RO, R1 MOV. W #9, RO
MOV. B @b: 32, ROL BRA L10: 8
MOV. B @c: 32, ROH L8: MOV. W @ER1, RO
ADD. B ROH, ROL EXTS. L ERO
EXTS. L ER1 MOV. B R4L, @ _a: 32, ER0)
MOV. B ROL, @ _a: 32, ER1) DEC. W #1, RO
DEC. W #1, R1 L10: MOV. W RO, @R1
MOV. W R1, @R5 BGT L8:8
L9: MOV. W @ER5, RO POP. W R4
BGT L7:8 RTS
POP. L ER5
RTS
Object Size Table [byte]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 50 40 58 42 42
After 50 40 50 38 38
H8SX
CPU Type MAX ADV NML
Before 46 46 38
After 46 46 38
Execution Speed Table [cycle]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 119 109 516 404 400
After 119 109 322 254 254
H8SX
CPU Type MAX ADV NML
Before 101 95 83
After 101 95 83
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6.3.4

Merging L oop Conditions

Size

| (0] | Speed | (0] | Stack size ‘ (0] ‘

Important Points

In the case of identical or similar loop conditions, both ROM efficiency and execution speed can be improved by merging

them.

Description

This technique reduces the object size for loop determination statements, which substantially improves the execution

speed.

Example

Initialize the array a with 0, and the array b with 1.

(C language program before optimization)

int a[10], b[10];

void f(void)
t
int i,j;
for (i=0; i<10; i++)
a[i]=0;
for (j=0; j<10; j++)
b[j]=1;
}

(C language program after optimization)

int a[10], b[10];

void f(void)
{ int i;
for (i=0; i<10; i++){
a[i]=0;
b[i]=1;
}

(Expanded into assembly language code; before
optimization)

f:

PUSH. L ER6
SUB. W R6, R6
SUB. W RL, Rl
Lo: EXTS. L ER6
MOV. L ER6, ERO
SHLL. L ERO
MOV. W Rl, @ _a: 32, ER0)
I'NC. W #1, R6
CVP. W #10, R6
BLT L9: 8
SUB. W R6, R6
MOV. W #1, R
L10:  EXTS.L ER6
MOV. L ER6, ERO
SHLL. L ERO
MOV. W Rl, @ b: 32, ER0)
I NC. W #1, R6
CVP. W #10, R6
BLT L10: 8
POP. L ER6
RTS

(Expanded into assembly language code; after
optimization)

f:

L7:

PUSH. L ER6
SUB. W R6, R6

SUB. W RL, Rl

EXTS. L ER6

MOV. L ER6, ERO

SHLL. L ERO

MOV. W Rl, @ _a: 32, ER0)
I'NC. W #1, R6

CVP. W #10, R6

BLT L7:8

EXTS. L ER6

SHLL. L ER6

MOV. W #1, RO

MOV. W RO, @ _b: 32, ER6)
POP. L ER6

RTS

RENESAS
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Object Size Table [byte]

H8S/2600, H8S/2000 H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 58 48 62 44 50
After 46 32 46 32 34
H8SX
CPU Type MAX ADV NML
Before 38 38 34
After 28 28 24
Execution Speed Table [cycle]
H8S/2600, H8S/2000 H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 245 197 558 418 468
After 188 134 432 350 342
H8SX
CPU Type MAX ADV NML
Before 175 177 168
After 125 117 117

6.4 Pointers

6.4.1 Using Pointer Variables

Size | (0] | Speed | (0] | Stack size ‘ (0] ‘

Important Points

In cases where the same variable (external variable) is referenced several times or an array element must be accessed, both
ROM efficiency and execution speed can be improved by using a pointer variable.

Description

The use of pointer variables can generate a code that incorporates an efficient addressing mode (@Rn, @Rn+, @-Rn).
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Example

Copy the elements of the array data? to the array datal.

(C language program before optimization)

void func(int datal[],int data2[])
{
int i;
for (i=0; i<10; i++)
datal[i]=data2[i];

(C language program after optimization)

void func(int *datal,int *data2)
{
int i;
for (i=0; i<10; i++){
*dat al=*dat a2;
dat al++; data2++;

(Expanded into assembly language code; before
optimization)

(Expanded into assembly language code; after
optimization)

Object Size Table [byte]

_func: _ func:
PUSH. L ER3 PUSH. L ER5
STM L ( ER4- ER6) , @ SP MOV. L ERO, ER5
MOV. L ERO, ER4 MOV. W #10: 16, EO
MOV. L ER1, ER3 L7:
SUB. W R6, R6 MOV. W @R1, RO
L6: MOV. W RO, @RS
EXTS. L ER6 I NC. L #2, ERS
MOV. L ER6, ER5 I NC. L #2, ER1
SHLL. L ER5 DEC. W #1, EO
MOV. L ER4, ERO BNE L7:8
ADD. L ER5, ERO POP. L ER5
MOV. L ER3, ERL RTS
ADD. L ER5, ERL
MOV. W @ER1, RL
MOV. W R1, @RO
I NC. W #1, R6
WP, W #10: 16, R6
BLT L6: 8
LDM L @P+, ( ER4- ER6)
POP. L ER3
RTS
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 46 38 40 38 40
After 24 22 28 26 30
H8SX
CPU Type MAX ADV NML
Before 42 42 34
After 18 18 18

Rev.3.00 2005.09.12 6-33
REJO05B0464-0300

RENESAS




Section 6 Efficient Programming Techniques

Execution Speed Table [cycle]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 171 152 482 336 428
After 107 102 216 208 238
H8SX
CPU Type MAX ADV NML
Before 156 164 155
After 79 81 80

6.5 Data Structures

6.5.1 Ensuring Data Compatibility

‘ Size | (0] | Speed | (0] | Stack size ‘ - ‘

Important Points

Dataitems are alocated in the order in which they are declared. The efficiency of ROM and RAM dtilization can be
improved by effectively specifying the order in which dataitems are declared so as to eliminate the generation of dummy
memory areas.

Description

If avariable greater than or equal to 2 bytesis allocated from an odd-numbered memory address when it is necessary to
maintain even-numbered memory addressed, the compiler creates a 1-byte dummy area. To avoid this problem, variables
of the same size should be declared in a single group to as to minimize the creation of dummy data areas for data
alignment.

This consideration is applicable not only to external variables, but also to local variables, members of structures and
commons, and function parameters.
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Example

Allocate atotal of 8 bytes of data.

(C language program before optimization)

char a;
long b;
char ¢;
short d

(C language program after optimization)

char a
char c;
long b;
short d;

(Data assignment, before optimization)

(Data assignment, after optimization)

0 0
a Dummy area a c
2 2
b b
6 6
c Dummy area d
8
d
Object Size Table [byte]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 10 10 10 10 10
After 8 8 8 8 8
H8SX
CPU Type MAX ADV NML
Before 8 8 8
After 8 8 8
Execution Speed Table [cycle]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before - - - - -
After - - - - -
H8SX
CPU Type MAX ADV NML
Before - - -
After - - -

Remarks and Notes

The above results other than H8SX are those by Ver.3.0.

Asalign is default with the compiler Ver.4.0 or higher, the boundary alignment is automatically made in order to reduce

empty areas. So thisimprovement makes no difference.
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6.5.2 Techniquesfor Data I nitialization

Size | (0] | Speed | (0] | Stack size ‘ A ‘

Important Points
To reduce program size, any variables that require initialization should be initialized when they are declared.
Description

Datathat areinitialized at the time of their declaration are first alocated in the initialization data area (D section) and then
copied to the RAM when the program is executed. The assignment of initial valuesis performed only once at the
beginning of program execution.

By contrast, any datathat are not initialized at the time of their declaration are allocated in the uninitialized data area (B
section), which requires only one half as much memory as the case where the data are allocated to the initialization data
area.

On the other hand, the latter approach requires an increase in the size of the program area (P section) for setting initial
values in the program by means of assignment statements.

For better efficiency, if multiple variables exist that requireinitial values, they should be initialized at the time of their
declaration.

Example

Initialize the variable a.

(C language program before optimization)

int a;
voi d mai n(voi d)

a=1;

(C language program after optimization)

int a=1,
voi d mai n(voi d)

}

(Expanded into assembly language code; before
optimization)

_main:
MOV. W #1: 16, RO
MOV. W RO, @a: 32
RTS
. SECTI ON B, DATA, ALI G\=2
a:
. RES. W 1

(Expanded into assembly language code; after
optimization)

_main:

RTS

. SECTI ON D, DATA, ALI G\=2
_a:

. DATA. W H 0001
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Object Size Table [byte]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 12 10 12 10 10
After 4 4 4 4 4
H8SX
CPU Type MAX ADV NML
Before 8 8 6
After 4 4 4
Execution Speed Table [cycle]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 11 9 22 18 18
After 5 4 10 8 8
H8SX
CPU Type MAX ADV NML
Before 8 8 7
After 6 6 6

6.5.3 Unifying the Initialization of Array Elements

Size | (0] | Speed | (0] | Stack size

[ 2]

Important Points

In cases where several array elements must be initialized, ROM efficiency can be improved by grouping them into a
structure so that they can be initialized in a single operation.

Description

By initializing data in a group, the number of transfer instruction executions that are required can be reduced to one.

Example

Initialize the arrays a, b, and c with respective values.

(C language program before optimization)
void f(void)
{

unsi gned char a[]={0,1, 2, 3};

unsi gned char b[]="abcdefg";
unsi gned char c[]="ABCDEFG';

(C language program after optimization)
voi d f(void)
{

struct x{
unsi gned char a[4];
unsi gned char b[8];
unsi gned char c[7];
} A
={0, 1, 2, 3, "abcdef g", " ABCDEFG'};
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(Expanded into assembly language code; before (Expanded into assembly language code; after
optimization) optimization)
_f: _f:
PUSH. L ER2 PUSH. L ER2
SuUB. W #20, R7 SUB. W #20, R7
MOV. L #L4, ERO MOV. L #L4, ERO
MOV. L SP, ER1 MOV. L SP, ERL
ADD. W #16, R1 SUB. L ER2, ER2
SUB. L ER2, ER2 MOV. B #19, R2L
MOV. B #4, R2L JSR @WN$3: 24
JSR @MWNS$3: 24 ADD. W #20, R7
MOV. L #L6, ERO POP. L ER2
MOV. L SP, ER1 RTS
ADD. W #8, R1L L4: . DATA. B H 00,H 01, H 02, H 03
SUB. L ER2, ER2 . SDATAZ "abcdef g"
MOV. B #8, R2L . SDATA " ABCDEFG'
JSR @MWNS$3: 24
MOV. L #L8, ERO
MOV. L SP, ER1
SUB. L ER2, ER2
MOV. B #8, R2L
JSR @MWNS$3: 24
ADD. W #20, R7
POP. L ER2
RTS
L4: . DATA. B H 00,H 01, H 02, H 03
L6: . SDATAZ "abcdef g"
L8: . SDATAZ " ABCDEFG'
Object Size Table [byte]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 120 106 122 106 110
After 81 69 81 75 79
H8SX
CPU Type MAX ADV NML
Before 104 104 96
After 79 77 69
Execution Speed Table [cycle]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 294 256 690 572 632
After 162 145 488 324 376
H8SX
CPU Type MAX ADV NML
Before 51 48 41
After 90 89 79

Remarks and Notes

H8SX can transfer data by transfer instructions, not by runtime functions. So the execution speed of beforeis faster than
that of after.
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6.5.4 Passing Parametersasa Structure Address

Size | (0] | Speed | (0] | Stack size ‘ A ‘

Important Points
Parameters that are not assigned to aregister should be passed using the address of a structure to reduce the program size.
Description

The number of parameters used and their size should be adjusted appropriately so that they are assigned to registers. For a
description of how to pass parametersto aregister, refer to the appropriate user’s manual.

In situations where large parameters are required or alarge number of parameters are used, they should be grouped in a
structure before they are passed to their intended function to reduce the program size. If parameters are declared as
members of a structure and the starting address of the structure is passed as an parameter to the target function, the
receiving function can access the members based upon the received address.

Example

Pass the long type data a, b, ¢, and d to the function func.

(C language program before optimization) (C language program after optimization)
voi d sub(long, | ong, | ong, | ong); voi d sub(struct ctag *);
long a, b, c,d; struct ctag{
I ong a;
voi d func(void) | ong b;
I ong c;
sub(a, b, c,d); | ong d;
} X
voi d func(void)
sub( &x);
}
(Expanded into assembly language code; before (Expanded into assembly language code; after
optimization) optimization)
_func: _func:
MOV. L @d: 32, ERO MOV. L # x:32, ERO
PUSH. L ERO JMP @sub: 24
MOV. L @c: 32, ERO X
PUSH. L ERO _RES. W 8
MOV. L @b: 32, ER1
MOV. L @a: 32, ERO
JSR @sub: 24
ADDS. L #4, SP
ADDS. L #4, SP
RTS
_a .RES. L 1
b .RES. L 1
_c .RES. L 1
_d .RES. L 1
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Object Size Table [byte]

H8S/2600, H8S/2000 H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 58 50 52 44 62
After 14 12 10 10 10
H8SX
CPU Type MAX ADV NML
Before 50 48 40
After 16 14 12
Execution Speed Table [cycle]
H8S/2600, H8S/2000 H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 52 45 102 88 126
After 18 14 22 18 18
H8SX
CPU Type MAX ADV NML
Before 30 28 28
After 14 14 14

6.5.5 Assigning Structuresto Registers

Size | (0] | Speed | (0] | Stack size ‘ (0] ‘

Important Points

When local variables are used as a structure, the members should be declared so that the variables can directly be assigned
to registers.

Description

Because structures can also be assigned to registers, both size efficiency and processing speed can be improved by
appropriately assigning the members of the structure.
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Example

Pass the structure data to the function func.

(C language program before optimization) (C language program after optimization)
struct ST { struct ST {
char a; short b;
short b; char a;
char c; char c;
}pst; }pst;
voi d mai n() voi d mai n()
struct ST s; struct ST s;
s. a=pst. a+10; s. a=pst. a+10;
s. b=s. a+s. c; s. b=s. a+s. c;
func(s); func(s);
} }
(Expanded into assembly language code; before (Expanded into assembly language code; after
optimization) optimization)
_main: _main:
STM L (ER2- ER3) , @ SP PUSH. L ER6
SUBS. L #4, SP MOV. B #10, ROL
SUBS. L #2, SP MOV. B ROL, @ pst +2: 32
MOV. L SP, ER3 MOV. B ROL, R6H
MOV. B #10, ROL EXTS. W RO
MOV. B ROL, @ pst : 32 MOV. B R6L, R1L
MOV. B ROL, @ER3 EXTS. W R1
EXTS. W RO ADD. W R1, RO
MOV. B @4: 16, ER3), R1L MOV. W RO, E6
EXTS. W R1 PUSH. L ER6
ADD. W R1, RO JSR @func: 24
MOV. W RO, @ 2: 16, ER3) ADDS. L #4, SP
MOV. L ER3, ERO POP. L ER6
SUBS. L #4, SP RTS
SUBS. L #2, SP
MOV. L SP, ERL
SUB. L ER2, ER2
MOV. B #6, R2L
JSR @MWN$3: 24
JSR @func: 24
ADDS. L #4, SP
ADDS. L #4, SP
ADDS. L #4, SP
LDM L @P+, ( ER2- ER3)
RTS

Object Size Table [byte]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 66 60 64 64 80
After 44 46 42 40 72
H8SX
CPU Type MAX ADV NML
Before 62 60 64
After 42 40 38
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Execution Speed Table [cycle]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 126 110 416 252 286
After 42 40 84 76 260
H8SX
CPU Type MAX ADV NML
Before 40 40 36
After 31 29 32
6.6 Functions
6.6.1 Improving the Program Location in Which Functions Are Defined
‘ Size | (0] | Speed | (0] | Stack size ‘ A ‘

Important Points

Both ROM efficiency and execution speed can potentially be improved by defining in the same file any functionsthat are
frequently called in amodule.

Description

In cases where the branch destination address is within the —128 to 127 byte range, the H8S or H8/300 Series
microcomputer uses the PC relative addressing mode (BSR). Compared with the absol ute addressing mode (JSR), which is
declared by an externally referencing function, this mode can improve both ROM efficiency and execution speed.

Example

Call the function func2 from the functions func and funcl.

(C language program before optimization)

extern int func2(void);
int ret;
voi d func(void)

int i;
i =func2();
ret =i;

}
voi d funcl(void)

int i;
i =func2();
ret =i;

}

(C language program after optimization)

int ret;
int func2(void)

return O;
voi d func(void)

int i;

i =func2();

ret =i;

voi d funcl(void)

t
int i;
i =func2();
}
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(Expanded into assembly language code; before
optimization)

(Expanded into assembly language code; after

optimization)

_func: _func2:
JSR @func2: 24 SUB. W RO, RO
MOV. W RO, @ret: 32 RTS
RTS _func:
_funcl: BSR _func2:8
JSR @func2: 24 MOV. W RO, @ret: 32
MOV. W RO, @ret: 32 RTS
RTS _funcl:
BSR _func2:8
MOV. W RO, @ret: 32
RTS
Object Size Table [byte]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 28 24 28 24 24
After 24 20 24 20 20
H8SX
CPU Type MAX ADV NML
Before 32 28 24
After 24 24 20
Execution Speed Table [cycle]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 20 16 40 32 32
After 19 15 38 30 30
H8SX
CPU Type MAX ADV NML
Before 16 16 15
After 16 16 16

RENESAS
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6.6.2 Macro calls

Size | (0] | Speed | (0] | Stack size ‘ A ‘

Important Points
Both size efficiency and processing speed can be improved by defining the frequently called functions as macros.
Description

When identical processing routines are defined as macros, they are inline-expanded at the location where they are called.
This eliminates the generation of codes and improves efficiency.

Example

Call the function abs.

(C language program before optimization) (C language program after optimization)
extern int a,b,c; #define abs(x) ((x)>=0?(x):-(x))
int abs(x) extern int a,b,c;
int x; voi d f(void)
return x>=0?x:-x; }
void f(void) a=abs(b);
b=abs(c);
a=abs(b); }
b=abs(c);
}
(Expanded into assembly language code; before (Expanded into assembly language code; after
optimization) optimization)
_abs: _f:
PUSH. W R6 PUSH. W R6
MOV. W RO, R6 MOV. W @b:32,R6
BLT L9: 8 BLT L7:8
MOV. W R6, R1 MOV. W R6, RO
BRA L10: 8 BRA L8: 8
L9: MOV. W R6, R1 L7: MOV. W R6, RO
NEG W R1 NEG W RO
L10: MOV. W R1, RO L8: MOV. W RO, @a: 32
POP. W R6 MOV. W @c:32,R6
RTS BLT L9: 8
_f: MOV. W @b: 32, R0 MOV. W R6, RO
BSR _abs: 8 BRA L10: 8
MOV. W RO, @a: 32 L9: MOV. W R6, RO
MOV. W @c:32,R0 NEG W RO
BSR _abs: 8 L10: MOV. W RO, @b: 32
MOV. W RO, @b: 32 POP. W R6
RTS RTS
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Object Size Table [byte]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 38 30 46 38 42
After 32 26 50 42 46
H8SX
CPU Type MAX ADV NML
Before 38 38 30
After 34 34 26
Execution Speed Table [cycle]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 45 36 106 88 112
After 24 20 74 64 64
H8SX
CPU Type MAX ADV NML
Before 36 36 34
After 20 20 17
6.6.3 Declaring a Prototype
Size | (0] | Speed | (0] | Stack size ‘ A ‘

Important Points

Functions that have char-type or unsigned char-type parameters should be prototype-declared before they are called to
eliminate the output of superfluous type conversion code.

Description

If called without a prototype declaration, functions that have char-type or unsigned char-type parameters are converted
into the int type, which generates superfluous sign expansion instructions and zero expansion instructions.

In addition, parameters can fail to be passed properly.

RENESAS
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Example

Call the function subl that has char-type and unsigned char-type parameters.

(C language program before optimization)
char a;

unsi gned char b;

voi d func(void)

subl(a, b);

(C language program after optimization)

voi d subl(char,
char a;

unsi gned char b;
voi d func(void)

unsi gned char);

subl(a, b);

(Expanded into assembly language code; before

optimization)

(Expanded into assembly language code; after
optimization)

Object Size Table [byte]

Execution Speed Table [cycle]

_func: _func:
MOV. B @b: 32, ROL MOV. B @b: 32, ROH
EXTU. W RO MOV. B @a: 32, ROL
MOV. B @a: 32, R1L JwP @subl: 24
EXTS. W R1
MOV. W RO, EO
MOV. W R1, RO
JWP @subl: 24
RTS
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 22 18 24 20 18
After 18 14 16 20 12
H8SX
CPU Type MAX ADV NML
Before 24 22 18
After 20 18 14
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 19 16 40 34 32
After 23 18 32 26 26
H8SX
CPU Type MAX ADV NML
Before 15 15 14
After 19 17 17
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6.6.4

Optimization of Tail Recursions

Size

| (0] | Speed | (0] | Stack size

[o]

Important Points

If afunction makes afunction call, investigate whether or not the function call can be moved to the end of the calling

function. This can improve both ROM efficiency and execution speed.

Description

Thetail recursion optimization is performed when all of the following conditions are satisfied:

» The calling function does not place its parameters or return-val ue address on the stack.

» Thefunction call isfollowed by the RTS instruction.

Example

Call the function sub and update the value of an external variable.

(C language program before optimization)

voi d g(void);
int a;
voi d mai n(voi d)

if (a==0) at+;
el se{

g();

a+=2;

(C language program after optimization)

voi d g(void);
int a;
voi d mai n(voi d)

if (a==0) a++,
el se{
a+=2;

g();

(Expanded into assembly language code; before
optimization)

_main:
PUSH. L ER6
MOV. L # a, ER6
MOV. W @R6, RO
BNE L6: 8
I NC. W #1, RO
BRA L8: 8

L6: JSR @g: 24
MOV. W @ER6, RO
I NC. W #2, RO

L8 MW. W RO, @ER6
POP. L ER6
RTS

(Expanded into assembly language code; after
optimization)

_main:
MOV. L #_ab64, ERL
MOV. W #1, RO
I NC. W #2, RO
MOV. W RO, @RL
JMP @g: 24
RTS

RENESAS
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Object Size Table [byte]

H8S/2600, H8S/2000 H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 38 32 38 32 32
After 30 32 30 28 28
H8SX
CPU Type MAX ADV NML
Before 36 34 30
After 30 28 34
Execution Speed Table [cycle]
H8S/2600, H8S/2000 H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 37 29 74 58 58
After 20 27 40 36 36
H8SX
CPU Type MAX ADV NML
Before 22 25 20
After 15 15 23

Remarks and Notes

The above program assumes that the variable a is not referenced within the function g.

6.6.5 Improving the Way Parameters Ar e Passed

Size | (0] | Speed | (0] | Stack size ‘ (0] ‘

Important Points

To reduce the code size, the order in which parameters are listed should be adjusted so that there is no gap between
parameters.

Description

Parameters passed through the registers are assigned to the registers ERO and ER1 (or RO and R1 in the case of an H300
CPU) in the order in which they are declared. Therefore, the order in which the parameters are declared should be adjusted
S0 asto minimize any gap between them to reduce the code size.
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Example

Call the function func.

(C language program before optimization)
long rtn;

voi d func(char, short, char);

voi d main()

short a;
char b, c;

func(b, a, c);
voi d func(char x,short y,char z)

rtn=x*y+z,

(C language program after optimization)
long rtn;

voi d func(char, char, short);
voi d main()

short a;
char b, c;

func(b, c,a);
voi d func(char x,char y,short 2z)

rtn=x*y+z,

(Expanded into assembly language code; before

(Expanded into assembly language code; after

optimization)

optimization)

_main: _main:
SUBS. L #4, SP SUBS.L #4, SP
SUBS. L #2, SP MWV. W @?2:16, SP), EO
MOV. B @5: 16, SP), ROH MV.B  @1: 16, SP), ROH
MOV. W @2:16, SP), EO MOV. B @P, ROL
MOV. B @P, ROL BSR _func: 8
BSR _func:8 ADDS. L #4, SP
ADDS. L #2, SP RTS
ADDS. L #4, SP _func:
RTS MOV. B ROL, R1L
_func: MULXS. B ROH, RL
PUSH. L ER6 ADD. W EO, R1
M. B ROH, R6H EXTS.L ERL
EXTS. W RO MW.L ERL, @rtn: 32
MOV. W RO, R1 RTS
MULXU. W EO, ER1L
MOV. B R6H, R6L
EXTS. W R6
ADD. W R6, R1
EXTS. L ERL
MOV. L ER1, @rtn: 32
POP. L ER6
RTS
Object Size Table [byte]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 26 24 56 54 60
After 22 20 38 36 48
H8SX
CPU Type MAX ADV NML
Before 26 26 24
After 22 22 20

RENESAS
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Execution Speed Table [cycle]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 29 25 120 112 228
After 26 22 82 74 174
H8SX
CPU Type MAX ADV NML
Before 25 21 21
After 21 19 19

Remarks and Notes

For a description of how to assign an parameter, refer to section 9.3.3, Examples of Parameter Assignment, in the
H8S,H8/300 Series C/C++ Compiler, Assembler, Optimizing Linkage Editor User's Manual.

Note that when the number of registers that pass the parameters is changed by an option, the number of registers that
receive the parameters also change.

6.7 Branches

6.7.1 Rewriting switch Statements as Tables

Size | (0] | Speed | (0] | Stack size ‘ A ‘

Important Points

If the processing tasks performed by the case statements associated with switch are alike, the switch statements should be
coded using a table to reduce the object size.

Description

Rewriting switch statements using a table can substantially reduce the program size although data size increases. If the
value of acase statement ranges widely, however, rewriting switch statements in terms of atable can lead to an overall
increase in program size.
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Example

Branch to a function depending upon the value of the function a.

(C language program before optimization)

(C language program after optimization)

extern void f1(void); extern void f1(void);
extern void f2(void); extern void f2(void);
extern void f3(void); extern void f3(void);
extern void f4(void); extern void f4(void);
extern void f5(void); extern void f5(void);
extern int a; extern int a;
voi d sub(voi d) voi d sub(void)
{
switch(a){ static int (*key[5])()=
case 0:f1(); break {f1,f2,f3,f4,f5};
case 1:f2(); break;
case 2:f3(); break; (*key[a])();
case 3:f4(); break;
case 4:f5(); break
}
}
(Expanded into assembly language code; before (Expanded into assembly language code; after
optimization) optimization)
_sub: MOV. W @a: 32, R0 _sub: MOV. W @a: 32, R0
MOV. B ROH, ROH EXTS. L ERO
BNE L15: 8 SHLL. L #2, ERO
Cw,. B #0: 8, ROL MOV. L @L9: 32, ERO), ERO
BEQ L10: 8 JSR @RO
CW,. B #1: 8, ROL RTS
BEQ L11:8 L9: .DATA.L _f1,_f2,_f3,_f4,_f5
CwWP. B #2: 8, ROL
BEQ L12: 8
Cw,. B #3: 8, ROL
BEQ L13:8
CW,. B #4: 8, ROL
BEQ L14:8
RTS
L10: JMP @f1:24
L11: JMP @f2:24
L12: JWP @f3:24
L13: JWP @f4:24
L14: JSR @f5:24
L15: RTS
Object Size Table [byte]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 78 64 66 62 76
After 56 36 56 34 34
H8SX
CPU Type MAX ADV NML
Before 94 78 58
After 50 50 36

RENESAS
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Execution Speed Table [cycle]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 31 28 74 54 68
After 27 18 42 26 26
H8SX
CPU Type MAX ADV NML
Before 24 32 24
After 19 20 18

6.7.2 Coding a Program in Which Case Statements Jump to the Same L abel

Size | (0] | Speed | (0] | Stack size ‘ A ‘

Important Points

case statement containing the same expression should be grouped together to minimize the number of branch instructions
and to reduce the object size.

Description

In the case of an if-then expansion method for a switch statement, the smaller the number of branch instructions, the
smaller the code size, and the greater is program efficiency.

Example

Assign avaueto Il depending on the value of c.

(C language program before optimization) (C language program after optimization)
long II; long II;
voi d func(void) voi d func(void)
char c; char c;
switch(c){ switch(c){
case 0: 11=0; break; case 0:
case 1: 11=0; break; case 1: 11=0; break;
case 2: |1 =1; break; case 2:
case 3: |1 =1; break; case 3: |1 =1; break;
case 4: |1=2; break; case 4: |1=2; break;
} }
} }
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(Expanded into assembly language code; before (Expanded into assembly language code; after

optimization) optimization)

_func: _func:
SUBS. L #2, SP SUBS. L #2, SP
MOV. L #_11:32,ERL MOV. L #_11:32,ERL
MOV. B @1: 16, SP), ROL MOV. B @1: 16, SP), ROL
BEQ L6: 8 BEQ L6: 8
CWP. B #1: 8, ROL CwWP. B #1: 8, ROL
BEQ L7: 8 BEQ L7: 8
CwWP. B #2: 8, ROL CwWP. B #2: 8, ROL
BEQ L8: 8 BEQ L8: 8
CwWP. B #3: 8, ROL CwWP. B #3: 8, ROL
BEQ L9: 8 BEQ L9: 8
CWP. B #4: 8, ROL CWP. B #4: 8, ROL
BEQ L10: 8 BEQ L10: 8
BRA L11:8 BRA L11:8

L6: L6:

L7: SUB. L ERO, ERO L7: SUB. L ERO, ERO
BRA L15: 8 BRA L13: 8

L8: SUB. L ERO, ERO L8:
MOV. B #1: 8, ROL L9: SUB. L ERO, ERO
BRA L15: 8 MOV. B #1: 8, ROL

L9: SUB. L ERO, ERO BRA L13: 8
MOV. B #1: 8, ROL L10: SUB. L ERO, ERO
BRA L15: 8 MOV. B #2: 8, ROL

L10: SUB. L ERO, ERO L13: MOV. L ERO, @R1
MOV. B #2: 8, ROL L11: ADDS. L #2, SP

L15: MOV. L ERO, @R1 RTS

L11: ADDS. L #2, SP 1 . RES. L 1
RTS -

K .RES. L 1

Object Size Table [byte]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 49 45 63 59 69
After 45 43 57 53 61
H8SX
CPU Type MAX ADV NML
Before 55 55 47
After 51 51 45
Execution Speed Table [cycle]
H8S/2600, H8S/2000 H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 33 30 82 72 68
After 20 18 82 72 68
H8SX
CPU Type MAX ADV NML
Before 24 24 23
After 13 14 12
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Remarks
The above performance measurements are based on the case where ¢ = 4.
This technique can be used for the compilers before Ver.3.0.

Improvements with the compiler Ver.4.0 or higher made it possible to group together the jumping destinations of case
statements, and therefore the compiler expands the same assembly-language code (other than H8SX).

Assembly expansion code, object size and execution speed in this section code the results of the compilation by the
compiler Ver.3.0 (other than H8SX).

Asageneral rule, of the values of case in a switch statement that are frequently executed should be tested first to improve
the execution speed. The user is encouraged to try this technique during program execution.

6.7.3 Branching to a Function Coded Directly below a Given Statement

Size | (0] | Speed | (0] | Stack size ‘ (0] ‘

Important Points
If afunction call occurs at the end of functions, the called function should be placed directly below the function call.
Description

If the tail recursion optimization isin effect, the called function should be placed directly below the function call to take
advantage of the optimization, which has the effect of deleting the function call code.

Since the function call code is deleted, the program size is reduced and the processing speed is increased.
Example

Call the function func from the function main.

(C language program before optimization) (C language program after optimization)
int a; int a;
void func(); void func();
voi d func() voi d main()
at++; a=0;
func();
voi d main()
voi d func()
a=0;
func(); at+;
} }
(Expanded into assembly language code; (Expanded into assembly language code; after
before optimization) optimization)
_func: _main:
MOV.L  #_a, ERO SUB.W RO, RO
MOV. W @RO, RL MOV. W RO, @a: 32
INC W #1,Rl _func:
MOV. W R1, @RO MOV.L  #_a: 32, ERO
RTS MOV. W @ERO, R1
_main INC. W #1,RL
SUB.W RO, RO MOV. W R1, @RO
MOV. W RO, @a: 32 RTS
BRA _func: 8
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Object Size Table [byte]

H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 26 20 24 20 20
After 24 18 22 18 18
H8SX
CPU Type MAX ADV NML
Before 18 18 14
After 16 16 12
Execution Speed Table [cycle]
H8S/2600, H8S/2000  H8/300H H8/300
CPU Type ADV NML ADV NML NML
Before 21 17 40 34 34
After 19 15 36 30 30
H8SX
CPU Type MAX ADV NML
Before 14 14 13
After 12 12 11

RENESAS
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Section 7 Using HEW

This chapter describes the use of HEW for build- and simulation-related processes.

Note that the supported functions and methods vary from one HEW version to another.

Section 7 Using HEW

The appropriate version isindicated under [Comments] for each topic.

The following table shows alist of the items relating to the use of HEW.

No. Category Item Section
1 Builds Regenerating and Editing Automatically Generated Files  7.1.1
2 Makefile Output 7.1.2
3 Makefile Input 7.1.3
4 Creating Custom Project Types 7.1.4
5 Multi-CPU Feature 7.1.5
6 Networking Feature 7.1.6
7 Converting from Old HEW Version 7.1.7
8 Converting a HIM Project to a HEW Project 7.1.8
9 Add Supported CPUs 7.1.9
10 Simulations Pseudo-interrupts 7.2.1
11 Convenient Breakpoint Functions 7.2.2
12 Coverage Feature 7.2.3
13 File 110 7.2.4
14 Debugger Target Synchronization 7.25
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Section 7 Using HEW

7.1 Builds

711 Regenerating and Editing Automatically Generated Files
* Description:

HEW will automatically generate 1/0 register definition, interrupt function, and other variousfilesif you select
Application for the project type when creating a new workspace.

However, when creating a new project, you may sometimes skip this automatic file generation process because you then
believe that the files are unnecessary.

You may also forget to edit or set such files.
If you do, you can use this feature to automatically generate and edit files after creating a project.
However, thisfeature is only available when you select Application for the project type when creating a new workspace.
e Usage:
HEW Menu: Project > Edit Project Configuration...
* Filesthat can be regenerated:
1/0 Register Definition Files: iodefine.h
[Generation method]

Y ou can regenerate iodefine.h by checking [I/O Register Definition Files (overwrite)] on the [I/O Register] tab in the [Edit
Project Configuration] dialog box.

If you modify iodefine.h inadvertently, you can regenerate it and overwrite it on the modified file.

Edit Project Configuration

VO Fegister | Stack | Tareet |

I|7 I/0 Register Definition Files (Ovenar el I

Generation Files

C¥ Hew-exe¥Rene Hew2¥nterrupt 1 ¥Interrupt 1 ¥iodefine h d
Definition of IO Register

QK I Cancel

* Filesthat can be re-edited:

Stack size setting file: stacksct.h
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[Editing method]

You can edit theinitial values of [Stack Pointer Address] and [Stack Size] on the [Stack] tab in the [Edit Project
Configuration] dialog box.

figuration
I/0 Register Stack ITarget |
Stack Painter Address H'FFEFC] Tnitial Walus |
{power—on reset} =
Stack Size: IH'QDD Thitial Walue |
OK I Cancel

* Note:

Regenerating and re-editing files are supported by HEW 2.0 or later.

712 Makefile Output
* Description:
HEW 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 HEW completely. Thisis convenient
when you wan to send a project to a person who has not installed HEW or manage the version of an entire build, including
the makefile.

» Makefile production method:

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 makefil€].

Y ou will see the following dialog box. In this dialog box, select one of the makefile generation methods.

A w DN PR

Generate make file

& For the current confieuration in the currently active project:

€ For all confieurations in the currently active project Cancel |

£~ Far all configurations in all loaded prajects in the current workspace

[+ Scan dependencies whilst building make file
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» Makefile generation directory:

HEW creates a[make] subdirectory in the current workspace directory and generates makefiles in this subdirectory. The
makefile name is the current project or configuration name followed by the extension .mak (debug.mak, for example).
HEW-generated makefiles can be executed by the executable file HMAKE.EXE contained in the directory where HEW is
installed. However, user-modified makefiles cannot be executed.

» Makefile execution method:

1. Open the [Command] window and move to the [make] subdirectory that contains the generated makefile.
2. Execute HMAKE.On the command line, enter HMAKE.EXE <makefile-name>.

* Note:

Thisfeature is supported by HEW 1.1 or later.

7.13 Makefile Input

« Description:

HEW allowsto input the makefiles that were generated by HEW or used by UNIX environment.
From the makefile, you can automatically obtain the file structur e of the project.

(However, you cannot obtain option settings or similar specifications.) This facilitates the migration from the command
lineto HEW.

» Makefile input method:

1. When creating a new workspace, select [Import Makefile] from the project type optionsin the [New Project
Workspace] dialog box.

Wiorkspace Name:
Application Iabcdefg
Demonstration Project Mame:
) Empty fipplicatio
sbcdefe
TS Import Makefile I
T Directary
IC:¥Hew—axe¥Haw3_eng¥abcdefg Browse.. |
GPU family:
| Hes,Ha/a00 =l
Tool chain:
|Hitachi HBS,HA/300 Standard =l
Properties..
0K I Gancel
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2. Specify the makefile path in the [Makefile path] field in the [New Project-Import Makefile] dialog box and click on the
[Start] button.

Mew Project - Import Makefile
Makefile path :
|O:¥HeW*exe-‘#ReneHew2¥aasdf¥make¥aasdf.mak
Start |
SOLIFCE lﬂ-es :
E--I@ Project l‘-3’|
a G source file dd
a G+ source file =
A Assembly source file xo
Bemoyve
I Show file path
{Back || Hexi> Finish Oancel

3. The[Source files] pane displays the makefile source file structure. In this structure chart, any file marked z) isafile
that has been proved through an analysis to contain no entity. Thisfile will not be added to the project.(It isignored.)

Mew Project - Import Makefile

Makefile path :

|O:¥ Hew-exe¥ReneHew2¥Exception2600a¥ makey |

—
Source files :

E"l@ Froject -
Ea G zource file A

L (20 dbsete =

5] lowsrec %
shrk.c —EI

G+ source file Femoy

exceptionZ.cpp

intpre.cpp

resetpre.cpp

-9 Aszembly source file LI

Tme path

<Back | Mext> |  Finish |  Gancel

4. By following the wizard, specify CPU and other options and open the workspace. Y ou can then begin a development
work.

* Note:

Thisfeature is supported by HEW 3.0 or later.
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714 Creating Custom Project Types
« Description:

Thisfeature allows a project created by a user to be used by another user as atemplate for program development on
another machine.

Information that can be contained in the template may concern the project file structure, build options, debugger settings,
and anything el se relating to the project.

* Project type storing method:

1. Activate the project you want to store project information in because the active project accepts project information
when the workspace is open. To activate a project, select the project by choosing [Project -> Set Current Project].

E@
@ Interrupt]

#-[g sample 4——— The active project is identified by boldface characters.

2. Open the following project type wizard by choosing [Project -> Create Project Type...], assign a name to 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.

Y ou can quit the project type wizard here by clicking on the [Finish] button.

K E3

What title would wou like to be uzed for the new
project type?

ISa mple|

Projectz generated uzing the new type will include
all of the filez in the project directory and below.
Would vou like to include the contents of the
confieuration directories?

* Yes please
" Mo thanks

Wiew directories to be included..

fpprox. size of generator: 17810KB

< Back Next> | Finish | Gancel
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3. At[New project type wizard — Step 1], click on the [Next] button to open the following wizard: When opening the
project type templateat step (1), specify whether to display project information and bitmaps.

At step (2), you can change the project type icon to a user-specified icon. Click on the [Finish] button.

These settings are not mandatory.

E
What type of generator would you like?
* Mo dialog
" Information dialog with default bitmap (1)
" Ihformation dialog with bitmap:
Etawse..
What Icon would vou like to be uzed?
% The default Ioon
 An icon contained in the file: 4— (2)
I Erawse..
Image: I@
Approx. gize of generator: 178.10KB
Next > I e T

4. A project type template named “ Custom Project Generator” has thus been created. To use this template on another
machine, choose [Tools -> Administration...] to open the following dialog box:

When you check the following [ Show all components] check box, you will see [Project Generators — Custom].
Click on the created project type and click on the [Export...] button.

Toolz Administration

Registered components:

o 1

Companent

Wersion -

-] Toolchains

23 System Tools

(23 Utility Phazes

(21 Debugger Components
[Z3 Extension Components
[ Gommunication Tools

B[] System Extenzion Gomporents

— Cancel |

Beeister... |
Unregister |
Properties... |

Expoart... |

- Project Generators

Project Gernerators - Custom

I [+ Shaow all components

Current HEW tools database loca

ioh:

IC:¥ Hew-exe¥Hew3 eng

Search digk... |
Toal infarmation... |
| LlJ Uninstaller.. |

odify... |

RENESAS
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5. Thefollowing dialog box opens. Select a directory in which the Custom Project Generator template will be stored. The
directory must be empty.

The project type storage process is nhow complete.

Cuztom Project Generator

Directory to export to (must be empty or not existh Expart |

C:¥Hew2¥project] Browse.., I 5 I
ance |

« Ingtalling Custom Project Generator:

Use the following procedure to install the Custom Project Generator template created by the above project type storage
method on another machine.

1. Thefollowing installation environment is created for the directory that was created at step 5 of the project type storage
method:

(Installation environment directory)

Cproject
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 opens. Specify the location in which HEW2.exe isinstalled and
click on the[Install] button.

(Directory example: c:¥Hew2¥HEW?2.exe)

;"; Ihztall custam generator
What is the location of the HEW executable?
T Heve-exe¥ Fane Hew Z¥HEWZ exel Browse.. | Cancel |

3. Theenvironment has been built up completely.

@ Installation complete
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» Custom Project Generator usage example:

An example of using the installed Custom Project Generator template is provided below.

1. Start HEW and choose [Create a new project workspace] in the [Welcomel] dialog box. The installed project typeis
added to the [Projects] list. Click on the project type and click on the [OK] button.

Y ou can now proceed with program devel opment using the stored project template for any new project.

Projects I

[=]fipplication
Demaonstration

@ Empty Application
T Import Makefile

Warkspace Mame:

Praoject Hame:

@Sampla I<

—

Properties... |

Dicacs Created project type

IC:¥ Hew—exe¥Hewd

GPLU family:

Tool chain:

IHitachi SuperH Standard

Ok I Cance|

* Note:

Thisfeature is supported by HEW 2.0 or later.

7.15 Multi-CPU Feature

« Description:

When inserting a new project in the workspace, you can insert a CPU of another type. This enables SH and H8 projects to

be managed in a single workspace.

» Example of inserting a different CPU family:

1. When an SH (H8) project isopen, click on [Project -> Insert Project...]. In the [Insert Project] dialog box, select a new

project and click on the [OK] button.

RENESAS
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2. Thefollowing [Insert New Project] dialog box appears: Select a project name, select SH (H8) as the CPU type, and
click on the [OK] button. Y ou can place different CPU types in addition to the current CPU types in the workspace.

Insert Mew Project

Projects |
[2]Application Workspace Mame:
@ Azsembly Application Ianfanf
Demonstration v (e

[ Empty Application I
15 Import Makefile

G Library Directary:
IO:¥Hew—exe¥HewS_eng¥asdfanf Browse.. |
CPU family:
|HEs Ha/a00 =l
[Hitachi Hos,Ho/300 Standard vl
Properties.. |
[0]:9 I Cancel

3. With the procedure above, you can mix SH and H8 projectsin a single workspace.

1]

E]@ Ha_2000
CE-C] G source file
| -] Dependencies
E@ SH3

w1 Azzembly source file

-1 © source file

-] Dependencies

] @ijem IE Templates I '@Nauigaﬁon I

[
==

* Note:

Thisfeature is supported by HEW 3.0 or later.
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7.16 Networking Feature

« Description:

HEW allows workspaces and projects to be shared by different users via a network.

Therefore, users can 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 aclient adds anew file to aproject, the server machine is notified, and then notifies the other clients of the
addition.

In addition, users can be granted rights for access to specific projects or files.

Server

P —— Report on file addition

File addition

N
N
N

Client A Client B Client C
» Network access setup:

1. Choose[Tools-> Options...] and select the [Network] tab. Check 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 accessright.

3. Click on the [Password...] button and specify a password for the administrator.
4, Click onthe[OK] button. This alows the administrator access to the network.

Rev.3.00 2005.09.12 7-11
REJ05B0464-0300
RENESAS



Section 7 Using HEW

[Network] Tab of the [Options] dialog box

Options

Build | Editor | Wnrkspacel Cionfirmation Check

Login Button

I [¥ Enable network data access I

Metwork database access:

Password setting

Lzer: Admin

Pazzword. |

| fccess rights.. | I
Select zerver.. |

Fagsword: dokokok

Access rights
setting
User addition

Ok Cancel

[Change password] dialog box

|P|dmin
Cancel |
Paszword:

fl
Confirm Pazsward:
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» Adding a new user:
By default, an administrator and a guest have been added. Y ou can register new users.

1. Click onthe[Log in...] button shown on the previous page. Log in as a user granted administrator access right.

ts

l@ @ﬂ User access rights |
Users I Access level l
Add..
Admin Admin —
Guest R

User name list Remove |

 Acocess:
 Adminiztrator
/ € Full read/write access
Access rights selection " Read/write file access only
" Bead only access

’TI Cancel

2. Click on the [Accessrights...] button to open the following [User access rights] dialog box.
3. Click onthe[Add...] button to open the [Add new user] dialog box.
4. Enter anew user name and password.(Password specification is mandatory.)

Add new user
IUser
Cancel |
Pazzword:

I*w

Confirm Pazzword:
I***
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* 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 on the [Select server...] button in the [Options] dialog box.
Choose [Remote] in the following dialog box, and then specify a computer name.

Click on the [OK] button. Y our specification will be put into effect.

Select Server Location
i+ Laocal

"~ Remote Cancel |
Computer name:
Browse.. |

* Note:
Thisfeature is supported by HEW 3.0 or later.

Use of thisfeature will lower the HEW performance.

717 Converting from Old HEW Version

Here, the method for specifying the compiler version within the Renesas Integrated
Development Environment is explained. Compiler versions can be specified by upgrading the Renesas I ntegrated
Development Environment.

If the workspace created in an old version (such as HEW1.1:H8C 3.0C) is opened in a new version (such as HEW3.0:H8C
6.0), the following dialog box appears.
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(1) Checking the project to be upgraded.

Check the name of the project to be upgraded.

Tool Chain 'Hitachi H3S HE/200 Standard Toolchain', verzion
'B0.20" iz mizzing from the following projectizl
Select projects for uperade.

[w]link 1428
(w]Sampleldz3

Toolchain mizsing ilil

High-performance Embedded Workshop
(2) Specifying the Compiler Version

Select the Compiler version which can be upgraded.

Chanee Toolchain Werzion

Toolchain name: Hitachi HES.H2./300 Standard
Current wverzion: 5020
CPU Familw:
e [Hitachi H35.H8/300 Standard Toolchailx |
Toolchain verzioh: IE.EI.Z.EI LI
Toolchain build phazes:
Build phaze | Warsion |
H25.H3/300 Azzembler 6002

Ha3,Ha./300 C/C++ Compiler 6.00.02
HB3,H8/300 C/C++ Library Gen.. 20001
OptLinker 20005

2=
Cance| |
Informatiar... |

Change Toolchain Version Dialog Box

RENESAS
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(3) Confirmation message
The C/C++ Compiler Ver.4.0 and later versions support only the file format ELF/DWAREF for the object to be output.

The file format is changed to ELF/DWARF format at upgrading. If the current debugging environment does not support
the ELF/DWAREF format, convert the ELF/DWARF format to the format supported by the debugging environment after
upgrading.

Chanee Toolchain Wersion Summary
Summary :
Project name : Sample0223 =]

Hitachi HAS,H3/300 Standard Toolchain was uperaded 5020 —» 60.20.

[Standard Library]/[Maode]/[Mode -] option i changed. I

[ Generate Uperadetxt az a sunfmary file in the praject directory

Confirmatjon Message Dialog L og
(4) Standard Library Generator Options

After upgrading, Standard L ibrary Tab Category: [Mode] in the Standard Library Generator is changed to Build a
library file(anytime), so should be careful.

7.18 Convertinga HIM Project toaHEW Project
By using the HimToHew tool supplied with the HEW system, you can convert HIM projectsinto HEW projects.

In the [Programs (P)] on the Windows® [Start Menu], select [Him To Hew Project Converter] from [Renesas High-
performance Embedded Workshop].

You will find Single and Multiple tabs.
Select the Single tab when generating an HEW workspace and an HEW project from one HIM project.

Select the Multiple tab when converting multiple HIM projects into HEW projects and registering them in an HEW
workspace in batch.
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(1) Singletab

+5 HIM To HEW Project Gonverter (1.0} M= E3

Single | Mulitple |

HIM Project filename:

|O:¥ Him¥test2¥testZhim

HEW workzpace name: /J

Jtest2 e

Specify a HIM project.
files

Specify aconverted
HEW w orkspace
name.

Tatal complete [
‘i Displays the conversionstatus.

Rezults: ||

Displays the conversion result.

If the conversion has been performed

successfully, Project converted
successfully is displayed.

Corvert | Ciloge I

— |

[

Press this button to start conversion.

In the next step, start the HEW.

Select Browseto another project workspace, click on the [OK] button, and specify the HEW project that has been

converted.

—Dptions:

% {" Create a new project workspace

i~ Qpen a recent project workspace:
%’ ic:¥test¥test.hws

= iv ?TEirnwse to ancther project workspace!

s

Cancel

Administration..

RENESAS
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The HEW project is opened as shown below:

E:ﬁ:!testz - High-performance Embedded Workshop O] x|

File Edit View Project Options Build Memory Tools ‘Window Help

[osaaslszalore||lora|s|E2]coe 2 | = ||

H >‘T'l__ll j T Hm E?: I:?: ﬁ HJ@ |IDBbUQ j ||DefauItSession
ElEE e e s

S
Bl g

=3 test2

=423 C source file

- [Z] Dhrystonec
‘23 Dependencies

;@Pmi...l@ﬂa... “ 1na... |

Lo

A>T, Build £ Debug }_Findin Files A Version Cortral_§
Ready [ - [tns v

Specify [Build > Build] to execute the building process. On the command menu, click jherd.
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(2) Multipletab

Thistab converts multiple HIM projects into HEW projects.

4-= HIM Tao HEW Project Gonverter G100

Single Mulitple
1

Specify the directory in which the HIM
projects are stored.

IHEW T“DrkSpaCE name: Specify the HIMw orkspace name.
testd

Wiorkspace directory:
|O:¥Him¥test3

G tamily: I I
IHES.HB:“BDD lI Select the H8S,H8/300 CPU family.

Displays the conversion status.

Current project |

Total complete |

Status:
I

Rezults:

Displays the conversion results.
w/
[e
Cionert | Cloze I

Press this button to start the conversion.

After the conversion, start the HEW asin the case of the Single tab in order to build the converted HEW workspace.

7.19 Add Supported CPUs
* Description:

HEW can automatically generate |/O register definition and vector table files, but HEW cannot support new CPUs which
are released after HEW relesse.

In this case, the tool DeviceUpdater can make HEW support new CPUs.
And thistool can update generated files to bug fixed version.

» How to get DeviceUpdater

Download from the following URL of Renesas Technology Corp.
Please refer to Notes of this page, too.

http://www.renesas.com/
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 Execution Results of DeviceUpdater

CPU types are added as follows.

2%

2%

Toolchain vergion :
TR |
Wihich CPU do wou want to use for this
project”

CPU Series:

2600
2000
300H

200, =l
ZPU Type:

Cither

If there iz no GPU type to be zelected, zelect
the "GPU Type” that a similar to hardware
specification or select “Other”.

Toolchain verzion :
[T ~ |
WWhich CPU do wou want to use for thig
project?

GPU Series:

2600
2000
300H

200 =l
GPU Type:

1650

1657

Other

If there iz no GPU type to be selected, select
the "CGPU Type” that a similar to hardware
specification or select “Other”.

* Notes

Thisfeature is supported by HEW 2.2 or later.
7.2 Simulations

721 Pseudo-interrupts

* Description:

Pseudo-interrupt buttons, which simulate certain interrupt causes, when clicked on, can cause pseudo-interrupts manually.
For each button, specify an interrupt priority and interrupt condition.

» Usage:

1. When you choose [View -> CPU -> Trigger], the following view appears:
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2. Click the right mouse button on this view and choose [Setting...]. The [Trigger Setting] dialog box appears.
If you check the [Enable] check box, the interrupt identified by trigger number 1 is enabled.
In addition, specify an interrupt name, interrupt priority, and interrupt condition (vector number).
The interrupt button identified by trigger number 1 becomes active.

Trieeer Setting

Trigeer No >

Interrupt Typel: IH'DDDDDDDD
Irterrupt Typeg: IH'DDDDDDDD
Priority: ID - l

3. The setting is now complete. When one of the buttons that was set during the above procedureis clicked on, the
program will stop as specified by the pertinent vector table.

* Note:

Thisfeature is supported by HEW 2.1 or later.

722 Convenient Breakpoint Functions
« Description:

The HEW breakpoint facility includes the following convenient functions, which will be activated not only upon ordinary
breaks, but when abreak condition is satisfied.

Fileinput
File output
Interrupt

« How to display a breakpoint view:

HEW 2.2 or earlier: Choose [View -> Code -> Breakpoints]
HEW 3.0 or later: Choose [View -> Code -> Eventpoints]

Note: For HEW 3.0 or later, go to the [Breakpoints] view and click on the [ Software Event] tab.
* Fileinput setting example:

Right-click on the [Breakpoints] view and choose [Setting...] to open the following [Set Break] dialog box. As shown
below, PC breakpoint is used so that a break condition is considered as satisfied when the PC reaches the following
address. The setting method is similar for other breakpoint types.

Click on the [Action] tab, select [File Input] in the [Action type] field, specify an input file name, an input address, and
other items, and then click on the [OK] button.
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([Condition] tab) ([Action] tab)
Set Break
Gonditian Ilqctign| Condition  Hetion I
Break type : B Breakpoint fiction type : |Fi|e Tnput vl
Bddress : IH'DDDDDB1 4
Thput file :  |c¥hew2¥Samplel dat j
Court : ID"I
Browse..
Destination
Address : IH'UDUUFDDU
Data gize : |1 -
Ciount ID'1
QK I Cancel K I Canoal

* Fileinput action example:
Let’s see the following practical action example:
Astheresult of the above setting, the breakpoint is at [H'00000814] and the input file contains [H'FF].

Run the program using the Go command or similar method.

(Source code fragment)
«® [ntBP.c =] E3
int b =
00000808 void main{void)
{
0x0000080¢ a=11;
000000814 b=9;
00000081 h
000000820 void abort (void)
{
000000824 h
KNl M

Y ou can see that, when the PC reaches [H'00000814], the break condition is satisfied and, as a consequence, the memory
contents of address H'FO00 change.

Me mary
Address Data Yalue ;I Address Data Yalue ;I
O0x0000F000 OO 00 0o . | ;I 0x0000F000 FF OO 00 . | ;I
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* File output setting example:

The method for file output setting in the [Set Break] dialog box is similar to the method for file input setting. For file
output breakpoints, PC breakpoint is also used so that a break condition is considered as satisfied when the PC reaches the
following address. Click on the [Action] tab, select [File Output] in the [Action Type] field, specify an output file name,
an output address, and other items, and then click on the [OK] button.

([Condition] tab)

([Action] tab)

Szt Break

Condition I Action |

Break type :

PC Breakpoint

[Froooooe12
i

Addresz :

Count

Cancel

Lo 1

Set Break

Condition  Action I

Action type

I File Output vl

Cutput file :

c¥hew2¥Samplel.dat j

Browse.. |

" Append

Source

Address -

Data gize :

Ciount -

IH'UDDU Fooo
|1 - I
ID'1

o 1]

Canoel

« File output action example:

Let’s see the following practical action example:

Astheresult of the above setting, the breakpoint is at [H'00000814] and the contents of address H'FO00 are [H'FF].

Run the program using the Go command or similar method.

(Source code fragment)

o ntEFc
0x00000808
(x0000080¢
(00000814
[0x0000081¢

000000820

[x00000824

int b
void main{void)

a

11;
b=9;

1

void abort (void)
{
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Section 7 Using HEW

Y ou can see that, when the PC reaches [H'00000814], the break condition is satisfied and, as a consequence, the contents

Address Data Yalus =
0x0000F000 FF OO0 00 ... | =l

of address H'FO00 are output to the file.
(Sample.dat contents as seen on a binary editor)
C> [000000 [ FF

* Interrupt setting example:

The method for file output setting in the [Set Break] dialog box is similar to the method for file input setting. As shown
below, PC breakpoint is used so that a break condition is considered as satisfied when the PC reaches the following
address. The setting method is similar for other breakpoint types.

Click on the [Action] tab, select [Interrupt] in the [Action Type] field, specify an interrupt priority and an interrupt type
(vector number 7), and click on the [OK] button.

([Condition] tab) ([Action] tab)
Set Break Set Break
Gondition IP.ctionI Gondition  Action I

Break type : Action type I]nterrupt vl

Address IH'UUDUUEM
Interrupt typel : |7

Gount : ID'1
Interrupt typed - I
Priarity : IH'I]

0K I Cancel QK I Cance|

* Interrupt action example:
Let’s see the following practical action example:

While the breakpoint is set at [H'00000814] as the result of the above setting, run the program by the Go command or
similar method.

Y ou can see that, when the PC reaches [H'00000814], a non-maskable interrupt (NMI) of vector number 7 will occur.
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(Source code fragment)

<& IntBPc

(00000608

- intpre.c

00000428
0x0000042e
0x00000435

A5 wector T WML

void main(void)

[:0000060c a=11;

000000614 b =9 —

(<0000081¢ 1 -
4V

/4 wector B Direct Transition
_interrupt (vect=6) void INT_Direct_Tran

3 __interrupt (vect=7) void INT_MMI(void) {.
/4 wector 8 User breakpoint Jtrap

__interrupt (vect=8) void INT_TRﬁPT(voi?jI:J

723 Coverage Feature

« Description:

HEW allows users to collect statement coverage information within a user-specified address range during program
execution. By using statement coverage information, you can observe how each statement is being executed. In addition,

you can easily identify program code that has not been executed.
» How to open the [Open Coverage] dialog box:
[View -> Code -> Coverage...]

» How to collect new coverage information:

1. Open the [Open Coverage] dialog box, choose [New Window], and enter the start and end addresses that identify the
range from which you want to obtain coverage information. If the HEW version is 3.0 or later, you can specify aC or

C++ source file name to identify the information you want to collect.
To complete the above specification, click on the [OK] button.

(Address specification)

Open Coverage

= File Iill Brnwse._..l

£ Open a recent coverage fike
| [

" Browse to another coverage file

—Optiong
& New Windaw ’TI
F  Start address: |81 a =
End address: |3_1"2|— Cancel
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(File name specification) * Supported by HEW 3.0 or later

—Options
& Mew Window o I
() Btart address: |81 a
End address: IB'."Z— Cancel |

& File IO:¥HeW*exe¥Hew3¥SH1¥E b [iBiize.:

—
= Open a recent coverage file

[ |

= Browse to another coverage file

2. When you click on the [OK] button, the following coverage view appears.
On theright view, click the right mouse button and choose [Enable]. The coverageis enabled.

Range ISt,atist,ic |St.at,u: Times | Pass | Address Iﬁssambler ISqu:cE =l

H'0000081a- H'00000% i 00000515 EOL, AH' D1 106D F-
i - 000D0BLE MOV, L #H' 00FFE0DZ,ERS i
i - 00000824 MOV.L #H' 00FFEOD0,ER4
0 - 00000824 MOV. W BERS,RO0 a=b/c:
0 - 0000082C EXT5.L  ERD |
0 - 0000082E  MOV. W @_ci32,RL
0 - 00000834 DIVKS.W  RL,ERD
0 - 00000838 MOV. W RO, BER4
0 - 00000834 EEQ BH'0542:5 if {a !'= 0
0 - 0000083C ADD. W #H' 0008, R0 a += 8
0 - 00000840 ERA BH' 0846: 8 bri+:
0 - 00000850 MOV. W @ER4,R0
1| | o - 00000852 BSE B_func:s d|

3. Let’'srun the program. Notice that the right coverage view contains aline with the [Times] column changed to 1. This
indicates that the statement at the address corresponding to this line has been executed.

On the left view, the CO coverage value within the address range is displayed.

C age HODODOET a 0 x|
Range Statistic | Statu: Times | Pass | Address | Azzenbler | Source =
H'00000&61a- H'O000C21% oooo ROL,[FH'01106DF:

1 - 00000S1E MOV.L #H'OOFFEOQZ ,ERS {

1 - ooooosz4 MOV.L #H'OOFFEOQO,ER4

1 - Qoo00s2a MOV [HERS,RO a="h/oc;

1 - 0000082C EXTS. L EROD |

1 - 00000S2E  MOV.W [@_ci32,R1

1 - 00000834 DIVES.W R1,EROD

o - Qoooo0s3s MOV.W RO, HER4

o - 00000834 EBEQ [H'0842:8 if (a '= D)

o - 0000083C ADD.W #H'0005, RO a += 8;

a - 00000340 EBRA BH'D846:8 b+

a - 000005842 ADD.W #H'0004,R0 a += 4;
4] | o - 00000846 MOV, W RO, BER4 bz hd|

Note: Theleft coverage view exists when the HEW version is3.0 or later.
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4. In addition to the coverage view, you can use another method to see coverage information. A |eft column on the editor
screen indicates whether program execution has passed a particular source line.

D=00000812 1 ﬂ
0=0000081a \{toid main{void) =
D=z0000081e a = b /o
D=00000830 if {a =1}
0=00000836 T
D=00000842 ) btt;
elze
{
0x0000084e a += 4
0x0000085a bt+;
h
0=00000864 iYalue = func{a.b);
D=00000872 1
4] AW

* Save Data:

To save coverage information, click the right mouse button on the right coverage view and enter a file name with the
extension* .cov.

Save Data

Eile name:

LI Browsze,. | Gancel |

« Information collection using existing coverage information:
You can rarely obtain a single collection of coverage information that covers the entire program.

Y ou may want to increase the coverage percentage while repeating coverage collection steps, each of which is performed
under adifferent test condition.

For this purpose, specify afile that has been saved in the [Save Data] and select [Open a recent coverage file] or [Browse
to another coverage fil€] in the [Open Coverage] dialog box. Then click on the [OK] button.

Open Coverage

-~ Options

i Mew Window ’Q—KI

% Gtort address: I

End| address: l— Gancel
(gl File I—LI Browse.,..l

i Open a recent coverage file

|C:¥ Hew-exe¥Hew3 ene¥aas¥aas¥Debue¥asa v |

v Browse to another coverage file
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Section 7 Using HEW

The coverage view opens. Run the program again under a new condition.

As shown below, the coverage view and the editor display new information reflecting the current run, such as the number
of runs and the new CO coverage value.

Statistic

Status Times | Pass | Address | Assembler Source =

H'0000081a- H' 00 0MM—Fnah] e

Z - 00000531E MOV.L #H'OOFFE46E ,ERS {

Z - ooooose4 MOV.L #H'OOFFEOOO,ER4 =

2 - 0ooo00824a MOV.W HERS RO a="h /) c;

Z - 000005eC EXTS.L ERD

Z - 0000052E  MOV.W B_c:32,R1

Z - ooooos34 DIVHS.W  R1,ERO

1 - 0000084E  MOV.W RO,ED iValue = funcia,h):

1 - 00000350 MOV.W HER4,R0

1 - 00000552 BRER B_func:g

1 - 00000554 MOV.W RO,[_iValue:32

1 - 0000035E  RTS -
4] | i g | My

724 Filel/O
* Description:

HEW used to rely on the 1/O simulation feature in order to simulate file 1/O operations instead of actually performing file
1/0.

However, HEW now allows actual filesto be input or output if the following files are replaced.
» How to obtain files:

Download the files from the "Guideline for File Operatable Low-Level Interface Routines for Simulator and Debugger”
page on the following URL of Renesas Technology Corp.

http://www.renesas.com/
* How to create the environment:

(1) Create aproject by HEW.
Select [Application] or [ Demonstration] as the project type.
A number of files are created automatically under the created project.

(If you have selected [Application] asthe project type, check the [Use I/O Library] check box at project creation step
3.

The value specified in the [Number of 1/0O Stream)] field must be at least the number of actually handled files+ 3
(number of standard 1/0O files.

(2) Of the created files, replace "lowsrc.c' and "lowlvl.src" **
(3) Create the "C:\Hew?2\stdio" directory.**
(4) Perform arebuild to create a simulator/debugger environment in which file1/O is possible.

Notes: 1. lowsrc.c-
These files are common to SH and H8.
Replace the file with the "lowsrc.c" file contained in the project.
-lowlvl.src-
Thisfile varies from one CPU to another.

Replace this file with the "lowlvl.src” file contained in the folder corresponding to the CPU that has created the
project.
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2. Inthe created environment, standard I/O files will be actually opened when program code for file 1/0
processing is encountered, unlike the practice performed so far — simulation of file opening.
Since these files are defined so that they should be created in "C:\Hew2\stdio", you must create the directory as
explained in Item (3).If this directory does not exist, HEW will not work normally.

When the simulator runs, these files are opened by INIT_IOLIB() in the "lowsrc.c" file contained in the
project.

stdin =0

stdout = 1

stderr =2

» Example of Use:

Asin the following example, consider the use of printf or asimilar method to output characters to the standard output
(stdout):

(Sanpl e program code)

voi d mai n(voi d)

{
}

Printf("s**** |D-1 OK *****\n");

When you run this program, it creates a file named stdout in the "c:\Hew2\stdio" directory you have already created. The
file contents are as follows:

(Contents of stdout)

* k k k% ID_l O<*****
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Section 7 Using HEW

* How to redirect |/O:

To redirect 1/0O, chang inthe INIT_IOLIB function in the lowsrc.c file.

void _INIT_I0OD
{

FILE #fp;
for{ fp = _iob: fp € _iob files; fp++ )
{

fp-*_bufptr = NULL:

fp-»_bufent = 03

fp->_buflen = 03

fp->_bufbase = NULL;

fp->_iof lagl = 03

fp-*_iof lag2 = 03

fp-»_iofd = 0;

if(freopen{ ['C:¥¥Hew?¥¥stdio¥¥stdin®, [, stdin )==NULL)
stdin-»_Tof Tagl = UxIl;:
stdin->_iof lagl = _IDREAD:
stdin->»_iof lagl 1= TOUNBUF:
if (freopen{] "C:¥¥Hew2¥¥stdio¥¥stdout”.|d4". stdout )==NULL)
stdout - tTof s — O=TT;
stdout-> _joflagl |= LOLNBIE
if(freopen(| “C:¥¥Hew?¥¥stdio¥¥stderr” . [@d”, stderr )==NULL)
stderr-F_toT TAETl - DxiT1s
stderr-»_iof lagl |= _IDUNBUF;

7.25 Debugger Target Synchronization

« Description:

HEW allows you to debug multiple targets on a single instance of HEW.

This means that you can debug multiple targets at the same time while synchronizing them with each other.

In addition, you can raise an event (such as a step or Go) in one session in synchronization with the same event in another
session.

E6000
HEW E10A-USB
E200F

E7

E8
Simulator
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Section 7 Using HEW

» How to synchronize debugger targets:

1. Choose [Options -> Debug sessions...] to open the following dialog box and click the [ Synchronized Debug] tab.
Check any session you want to synchronize and check the [ Enable synchronized debugging] check box.

Sessions  aynchronized Debug

[¥ Enable synchronized debugeing

Sessions

5

-G Heao

é---@ SH1

SimSesgionH3-300
[ DefaultSeszion

DefaultSeszion
[ SimSessionSH-1

resynchranze sees o |

Debug Tareet

Ha/300 Simulatar

SH-1 Simulator

[ o ]

Cahcel |

2. Select [Sync. session] from the session combo box on the [ Standard] tool bar.

Session combo box displayed

|

DefaultSession

DefaultS ezzion

im3 esgianH2-300

=] during synchronized debug

Enable/disable
synchronized debug

ﬂ"\l Session list

Synchronized debug

RENESAS
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* Available commands:

When synchronized debug is enabled, you can perform the following actions in synchronized mode:

User action Target debugger session 1 Target debugger session 2
[Run] during one of the "Run” "Run”

sessions

[Step] during one of the "Step" "Step"

sessions

ESC pressed during one of "Stop" "Stop"

the sessions

"Stop" due to a breakpoint or user
program error

Stop (same as when ESC is pressed)

Stop (same as when ESC is
pressed)

"Stop" due to a breakpoint or user program error

[CPU reset] during one
the sessions

of

"CPU reset"

"CPU reset"

« Synchronized debug example

An example of executing the step command is provided below.

1. Execute the step during [SH1 — SimSessionSH-1].The following condition results:

SH — SimSessionSH-1 state

H8300 - SimSessionH8-300 state

0=000 MY

000000806 | o

Previous PC

firragma entry PowerON_Reszet P trragma sectios=—__ —T
woid PowerOW_Reset _PCivoid) Ox00000400 — entry(vect=0) void Pawerl
{

zet_vhr({vaoid #){{char % O0x00000404 set_imask_ccr(1);

CINITSCT(Y: — 0200000408 _INITSCTLYS —
/1 _CALL_INIT(): - JF _CALL_INIT(): =

v KIN o 4

- resetprec

2. Change the session using the [Sync. session] tool bar.

IE ||SH1 - DefaultSession

SH1 - DefaultSession
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3. Asshown below, you can see that the PC has also moved to the next line during the [H8300 — SimSessionH8-300]
session.

SH — SimSessionSH-1 state H8300 SimSessionH8-300 state
‘esetpre.c
firragma entry PowerON_Reset P
0=00000400 __en &ct=0) woid Powerl
void PowerON_Reset PCivoid)
{ 0=00000404 | set_imask_coril);
set_whr{{void #){{char % 0x00000406 _INITECT):
0=z00000806 | 2 _INITSCT(); — -
Fé _CALL_INIT();
Fi _CALL_IWIT(); - 0 -
AnnnnAn= THMIT TOLTRi G-
Ay ‘Ii A

* Note:

Thisfeature is supported by HEW 3.0 or later.

7.2.6 How to Use Timers

* Description:

HEW supports prioritization of timers and interrupts.
For each timer, only channel O is supported.

HEW support islimited to overflow and compare match interrupts. HEW does not support interrupts that involve terminal
1/0O, such asinput capture interrupts.

* Supported timer control registers

In the Supported column on the following table, O indicates that the register is supported and A indicates that only the bits
associated with the feature described in the paragraph under [Description] are supported.

Debug platform name Timer name Supported control register Supported

H8SX TPUO TSTR
TCR
TIER
TSR
TCNT
TGRA
TGRB
TGRC
TGRD

o|o|Oo|Oo|O|O|O|P|PB
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* Supported interrupt priority level setting registers

In the Supported column on the following table, O indicates that the register is supported and A indicates that only the bits
associated with the feature described in the paragraph under [Description] are supported.

Debug platform name Supported control register Supported
H8SX IPRF A

* Timer simulation method:

Choose [Options -> Simulator -> System...] to open the following [Simulator System] dialog box, check the [Enable
Timer] check box, and specify aratio between the external clock and the peripheral module clock.

Data Area Bit size: [ Multiple [~ Divizor

|D'24

Program frea Bit Size: Simulated 10 Address: ¥ Enable

ID'24 |H'DDDDDDDD LI

Address Map Mode: Execution Mode:

Jicin I =] Dstail |

Responze: Round Mode:

I Annnn IF{Dund Ta Mearest ;I
Peripheral Clock Rate | Fetch Size:

/FFDOZ =] [0E2
Peripheral Glock Rate: ¥ Enable Timer [Enable Timer]
[ =l check box

Ok I Cancel | Bpply

In addition, you can use timer control registers and write program code to enable them as shown below.

If you create a clock that drives timers via a peripheral module, specify the frequency division ratio using an appropriate
timer control register.

FfOTPUD start % Enable timer ITUO.
TPU.TSTR.BIT.CETOD = 1;

2

A&OTRUD Owverflow interrupt enable
TPUD.TSR.BIT.TCFY = 1;
TPUD.TIER.BIT.TCIEY = 1;
whilel1);

Note: Before setting the value to the timer registers, confirm that the access to the timer registers can be done in the
memory tab on the Simulator System dialog box. If the accessisn’t permitted, you can nither set the value to the
registers, nor use the timer.
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» How to view timer register settings:

To view settings on timer registers and interrupt priority level setting registers, choose [View -> CPU -> |/Q] to open the

following I/O window.

MName

ER=] interrupt C...
#-_] INTCR 00FFFF32 H' 0D
#-[] IPRF 00FFFDAA H' 7777

F-_] Bus Controller

B[] Timer Unit
F-C] TSTR 00FFFFEC H' 01
F-C] TCRO 00FFFFCO H' 0D
#-C] TIERO 00FFFFCA H' 50
#-[] TSRO 00FFFFCS H'DD

|

ficcess ;I

* Note:
Thisfeature is supported by HEW 3.1 or later.

Thisisvalid only with H8SX.

727 Examplesof Timer Usage

* Description:

This subsection outlines how to use compare match and cyclic handler interrupts, using TPU in the H8SX/1650(H8SX) as

an example.

* HEW setup:

Enable the timers by referring to the paragraph entitled “ Timer simulation method” in subsection 7.2.6, How to Use

Timers.

» Sample program containing code that raises a compare match interrupt:

The following sample program contains code that raises a compare match interrupt.

- timer?c

finclude “iodefine.h”
void main{waoid)

K1l

{

£f TPUD Compare match interrupt enable
Ox00000&56 TPUO.TIER.BIT.TGIED = 1;

AfOTGRD walue = 19,933
Ox00000a5a TPUOD.TGRD = 13933;

AOTPUD start
Ox00000&a62 TPU.TETR.BIT.CSTO = 1;
0x00000=66 while(1);

ez

RENESAS
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[Explanation of an interrupt generation program]

1. Whenthe TGIED (TGR Interrupt Enable D) bit in TIER (Timer Interrupt Enable register) becomes 1, theinterrupt is
enabled.

2. Setthevalue of TGRD.

3. Start the TPUO timer.

4. Wait until the value of TCNTO and TGRD match. (Wait for a compare match)

 Program execution;

Wait until TCNTO (timer counter 0) and TGRD (timer general register D) match (a compare match occurs) at step 4 in the
paragraph entitled “ Explanation of an interrupt generation program.”

When the two match, a compare match interrupt occurs, with the result of calling the following interrupt routine:

For further information, refer to the pertinent hardware manual.

- intpre.c
£owector 31 TGIOD TRUD
De0nEobese g __interrupt (vect=31) void INT_TGIOD_TPUO{vaid) -
i
return; .

i
£ wectaor 32 TCIOY TRUD
__interrupt{vect=92) wvoid INT_TCIOY_TPUOD(waidi{/* =lee

Ox00000458 A owector 93 TGI1A TP -
e d mvenemd o L =Y R | TRIT TrMTA1A Tooid F oo A Tt oo
_I’ i

KN

» Sample program containing code for a cyclic handler
The following sample program contains code for a cyclic handler.
When a compare match occurs, the program clears the timer, and then branches control to an interrupt handler.

After the interrupt is serviced, the program lowers the interrupt priority in I|PRF (interrupt priority register).

finclude "iodefine.h” ﬂ
waid main{void) =
{
0x00000&56 TPUD.TIER.BIT.TGIED = 1; Af TPUD Compare match interrupt enable
Ox00000&55 TPUOD.TCR.BIT.CCLR = B; JF TCNTO Compare match interrupt clear
O0x00000=60 TPUD.TGRD = 19999; £ TGRD walue = 19,883
0x00000a6 3 TRU.TSTR.BIT.CETO = 1: f8OTRUD start
while(1)
{
Ox00000&a6e: whilef ! TPUD.TSR.BIT.TGFD):
Ox00000a7 : TPUD.TSR.BIT.TGFD = 0:
4
1 -
KN 1
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2.
3.
4,

When the TGIED (TGR Interrupt Enable D) bit in TIER (Timer Interrupt Enable register) becomes 1, the interrupt is

enabled.
Set the value of TGRD.
Start the TPUO timer.

Clear the compare match flag.

 Program execution;

The program waits until a compare match occurs. When a compare match occurs, the program passes control to the
following interrupt routine.

The interrupt routine services the interrupt, lowers the interrupt priority level in IMFA, and returns control to the program.

Interrupt processing can be completed in thisway.

The program can then be ready to accept the next compare match interrupt.

For further information, refer to the pertinent hardware manual.

In accordance with the HEW specification, when an interrupt occurs, the PC stops at the beginning of the function that has
caused the interrupt.

When simulating a cyclic handler, you need to advance the PC at each cycle by using the Go command or similar method.

it intpre o
S wectar 31 TGIOD TPUD
0x00000456 __interruptivect=91) void INT_TGIOD_TPUOCwvaid) =
{

printf("3d time¥n”,a);
at+;

INTC. IPRF.BIT._TPUD = 0:]
return:

Ox0000045c
O0x00000470
O0x00000475

411

1
Jf o wectar 32 TCIOYV TPUD
L R i’

P pemmd =00 .ot d TMT TOTAM TRIAS ... !

L T

R B S W T T

RENESAS
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7.2.8 Reconfiguration of Debugger Target
« Description:
HEW can configure Debugger Target, if you select Application for the project type when creating a new workspace.

However, when creating a new project, you may sometimes not configure this, because you then believe that thisis
unnecessary.

If you do, you can use this feature to reconfigure Debugger Target after creating a project.
However, thisfeature is only available when you select Application for the project type when creating a new workspace.
» Usage:
HEW Menu: Project > Edit Project Configuration...
« Functions that can be reconfigured:
[Setting method]
Y ou can set asimulator and other debugger targets on the [Target] tab in the [Edit Project Configuration] dialog box.

If adebugger is aready connected to the session, you will see a message saying, “ Thistarget has already existed. It does
not support duplicated targets’ and cannot connect to the debugger target.

VO Fegister | Stack  Tareet |
Session : -~ Detail options :

IS\mSesslnnHES—ZﬁDDA LI Ttem | Walue

Torects Simulator IO dizable
e Simulator LD addr. 0:0
Bus mode 1]

Tareet type

2600 = A
OK I Cancel I

* Note:

Reconfiguring afile is supported by HEW 2.1 or later.
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7.3 Call Walker

Call Walker (stack analysistool) displays the stack amount by reading the stack information file (*.sni) output by the
optimizing linkage editor or the profile information file (*.pro) output by the simulator debugger.

For the stack amount of the assembly program that cannot be output in the stack information file, the information can be
added or modified by using the edit function.

In addition, the stack amount of whole systems can be cal cul ated.
The information on the edited stack amount can be saved and read as the call information file (*.cal).

And, some call information files can be merged.

731 Making Stack Information File
According to the following procedures, you can make a stack information file or a profile information file.
» Making stack information file (*.sni)

Y ou can make a stack information file by the following option of the Optimizing Linkage Editor.

2l
Gt - G/G#+ | Assembly Link/Library | Standard Library | GPU | Deb 4 %]
| Debug LI Category :
E‘@ All Loaded Projects Miscellaneous options :
EI@ zample " . =
= ) Al putoygt S0 recoed ot
L0 G souree file " " =
-3 C++ source file [wlStack information output
[“_1 fizsembly source file O MErESS EDUE IO ma o
-2 Linkage symbaol file [Low memory uze during linkage LI
Uzer defined options : IHbsolute/RelocatabIefLibrary ;I
Optione Link /Libeary :
—noprelink —rom=0=F. -nomes=zase “
—lizt="$CONFIZDIR¥S (PROJECTMAMEN map™ —rooptimize
—start=PResetPRG PIntPRG/0400 P G,G3DSEC CEBSEC, D000,
QK I GCancel |

Specification Method
Dialog menu: Link/Library Tab Category: [Other] Stack information output

Command line: STACk
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» Making profile information file (*.pro)
Execute user program by the following [Profile] function.

After the execution, click the right mouse button on [Profile] window, and choose [Output Profile Information Files...] in
order to make a profile information file (*.pro).

For more information about making profile information file, refer to "H8S,H8/300 Series High-performance Embedded
Workshop 3 User's Manual, 4.12 Viewing the Function Call History".

Choose [View->Performance->Profile] to open the [Profile] window.

Pomwrer 0N Reset F H'ooooo4oo H'o.oo 1 Sl
" INTTSCT F  H'O000083A H'... 2 129  View Source
_main F H'O0000800 H'... 2 10 Wiew Profile-Chart

,7 Enable Profiler
Mot trace the function call
Setting 3

Froperties

4 Find..
b List A Tree f Clear Data

£ _CLOSEALL(): /i Remoy Output Profile Information Files..

s

Cutput Text File..

Sf 0 _CBLL_ENDI); /{ Remow

0=00000412 sleep(); [v llow Dackin
0=00000414 oy Hide

7.32 Starting Call Walker

Use the following procedure to start Call Walker.

« Starting from start menu

Click [Program-> Renesas High-performance Embedded Workshop->Call Walker]
* Starting from HEW

Click [Tools->Call Walker]
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7.3.3 File Open and Call Walker Window

After starting Call Walker, choose [File-> Import Stack File...] to open a stack information file (*.sni) or a profile

information file (*.pro).

Choose [File->Open...] to open an existing call information file (*.cal).

After that, the following window is displayed.

File Edit \iew Toolz Help

DS H &% =

|

FMULDE: (000000022 )
“o-[Ag] _test_asm { 0x00000000 )

[[7] INT_ERI2 SCI2 ¢ 0x00000004 )

3] INT CMIA3_TMRZ (0x00000004 3

3] INT_ADID (000000004 3

3 INT_THI05CI0 £ 000000004 )

3] INT_TGI3B_TFU3 { 0x00000004 )

[£3] INTIRQS (000000004 3

3] INT_TEIDSCI  0=00000004 )

{ 0x00000004 3

mmm@$w<ﬁ::::}__smm
[Standard library_HBV6 = Tool Bar SdEta"S View
| Attrib... | Address | Size l/,:rﬁck Tize | Source
0x0000043s 00000000 000000004 intpre.obj
0=00000436  0x00000002  0x00000004  intpre.ob)
000000430 0x00000002 000000004 intpre.obj
Select Standard 0x00000456  0=00000002  0=00000004  intpre.obj
Librarv Version 0=000004588  0x00000002  0x00000004  intpre.ob)
000000400  0x00000076  0x00000004  resetprecb)
IMT ERIZ. I 000000420 0=00000002  0=00000004  intpre.obj
IMT GML. I 0=00000485  0x00000002  0x00000004  intpre.ob)
AINT_ADID I 0=00000442  0x00000002  0x00000004  intpre.ob)
IMT_T=0.. I 000000424 0x00000002 000000004 intpre.obj
IMT_TGI3.. I 000000460  0x00000002  0x00000004  intpre.ob)
INT IR I 0:00000432  0x00000002  0x00000004  intpre.ob)
IMT_TEID.. I 0x00000495  0x00000002 000000004 intpre.obj
IMT GML. I 0=00000486  0x00000002  0x00000004  intpre.ob)
IMT O I 0:000004582  0x00000002  0x00000004  intpre.oh)
INT TCE. I 0x00000475  0x00000002 000000004 intpre.obj
MT TG I 0=00000456  0x00000002  0x00000004  intpre.ob)
INT_IRGN I 0:00000425  0x00000002  0x00000004  intpre.ob)
INT GWL. I 0x00000484 000000002 000000004 intpre.obj
AINT TCE.. I 0=00000474  0x00000002  0x00000004  intpre.ob)
JINT TGN, I N2  0x00000004  intpre.ob)
IWT TG I Status Bar 2 000000004 ?ntprg.ohj:
IMT TGO, I 2 000000004 mntpreob)
4 , B
|HBS}{ Advanced /|Find : Gtack size 4

Note:

The stack amount of the assembly functions except the standard library is displayed as zero.

Refer to section 7.3.4, Editing the Stack Information File, to set the stack amount.

RENESAS
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» Call information view

Linked-level structure between symbolsis displayed.

The amount used by stack is displayed at the left side of each symbol.

(1) Symbol display

Symbol classification (Category) signs are displayed at the left side of each symbol by icon.

Symbol classification (Category) signs are as follows:

|E] : Editing file

: Assembler label

: C/C++ function

¢x? : Recursive cal function or Circulation function

() Recursive call function

Displayed, when the same function is called in itself.

Example:
void func(int x)

wtt;
ifi{x I= OFF}

func(x):

ifix == HaX)
return:

1
(b) Circulation function

e ¢ funciRecursive)

Displayed, when the same function is called indirectly.

Example:

void funcl{int a)
funcz{10};
void func2(int b)

{ func1(8);

3] func1 (0x00000008 3

- ¢x3 _func (Recursive)
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RT05 : RTOS function (Example: ITRON symbols)

[2] : Function of which the reference source is unknown. (Referenced by unknown)

In the following example, function(funcl) calls function(Undef). When function(Undef) is not defined, thisicon is

displayed at function(Undef).

Undefined function call is error at linkage, but link option change_message can modify error to warning. The load
module file is made at warning, so the stack information file is also made.

For more about change_message, refer to 4.2.7 Other Options, Change_message, in the H8SH8/300 Series C/C++
Compiler, Assembler, Optimizing Linkage Editor User's Manual.

Example:
void funcl{woid)
{
Undef {J;

[(3] funcl € 0x00000004 3
Fl _Undef € 0x00000000 )

[>¢] : Function of which the address reference has not been resolved. (Address not resolved)

Displayed, when afunction is called by the table as follows.

Example:

static int (#key[81)0)=

Inop, stop. plavl};
void funclint x)

(hkey[a] ()

_main ¢ 0x00000008

= : Omitted symbol

Since thistool displays all linking layers, the display amounts will be very large if the sizeislarge.

So, only thefirst layer is displayed and other same parts are omitted by omitted symbolsin order to reduce the display

amounts.

Choose [View->Show All Symbols/ Show Simple Symbols] to switch this display format.

Example:

Show All Symbols

_main { 000000006

Show Simple Symbols

<[ _main 000000006 )
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» Symbol detailsview

Sy mbal | Bittri.. I Addrez=s | Size | Stack =ize | SoUrce |
ANT T=D .. 1 0000004, 000000002  0x00000004  intpreob)
_abart 0000008  0x00000002  0x00000004  Callbalker?..
_sbrk 0000008,  0e0000002c  Qx00000002  =brk.obj
_=ub 0000008,  0x00000002  0x00000004  CallWalker?..
_hop 0000008 Ox00000002  Qx00000004  Callbalker?..
_PowerM_.. 0000004, 000000016  Ox00000004  resetpre.obj
_play 0000008  0x00000002 Ox00000004  Callbalker?..
_=top 0000008  0x00000002 0x00000004 Callbalker?..

[£3] _INT TGl I 0:000004.. 000000002 0x00000004  intpreob)

[ INT.TGID. I 0000004, 000000002 000000004 intpre.ob;
T3 TMT TP T MNAANNA MN0ANNAN? - MN00N0NA4— intrrs ahi

For each symbol, address, attribute and the amount used by stack are displayed.
After click symboal, click the right mouse button to execute each editing command.

« Status bar

Faor Help, press F1 |HES}{ Mormal |Find : Stack zize

Function information, CPU type and other information of the current stack information file are displayed.

* Maximum stack size

=¥ main { 0x00000006

The static maximum amount used by stack of the current stack information fileis displayed

* Selecting standard library version

JStandard Library “Wersion : IStandard_Iibrary_HE_‘-.fﬁ ;I

The standard library version of the current stack information file can be selected.
Using thisinformation, the stack amount of the assembly functions in the standard library is displayed.

When only one HEW package isinstalled, there is no need to select this.
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734 Editing the Stack Information File

After selecting a symbol in the symbol details view (right frame on the screen), choose Add..., Modify..., Delete...
command in Edit menu to add, change, delete the symbal.

Click the right mouse button at the symbol details view, to execute the same editing command.
Thistool can measur e the static maximum amount used by stack.

In the case such as multiple interrupt, users should edit the file infor mation to measur e the dynamic maximum
amount used by stack.

Drag and drop a symbol in the call information view (left frame on the screen) to move the symbol.

While a symbol is moved or edited, a check mark is displayed at the side of the symbol in the call information view (left
frame on the screen) as follows.

= PowerON_Reset § 0x00000014 3
_IMITSCT 4 0x00000070
- - main { 00000000z 3

: - _abort ¢ 000000004 3
b Undet ¢ 000000004

The editing commands are explained in the following section.
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* Add command

(1) Adding an existing symbol

Click [Add...] to display the following dialog box.
Theright frame isthe existing symbol list of the current file.

Choose a symbol in thislist and click on the [OK] button to add the existing symbol.

|
I Mew symbol Existing Symbol list :
Sipmiti] - symbol list Symbol Address | Source Stack sk 4]
_abort 0
[£3] INT_CMIE1 TMR1 000000480 intpre.obj (0000000
(Eatesnry [E3] _sbrk 000000322 shrk.obj (x000000C
[67G++ Function B 0] INTIRG0 0x00000428  intpre.ab 0x000000C
[ =ub 000000806  CallWalker2.obj 0:000000C
Atributes s ————————— a0 [€3] _nop 000000800 GallWalker? obj 0=0000000
I™ | Bunititme [Erary: S 4] 0x00000000  Callvalker2.obj
I Grested by optimization sl _INITSCT 0x00000855 00000001
| Interrupt Sigz [€3]_PowerON_Reset 0x00000400  resetpre.ob) (0:000000C
I Stati =] (DR 0x00000808  CallWizkerZobj  0X000000C
= [03] play 000000204 CallWalker2.obj (0000000
ol e Stank size: 3] stop 000000802 GallWalkerZobj  0x000000C
I | Use [ stack mnnononn — §| (71 Unds 0x00000000  GallWalker2.obj
] INTTGBETPUS  DxO0000460  intpre.obj 0X000000C
Enurze file [ INT IRG2 000000433 intpre.obj (0000000
[CaltWalkerz obj 7 I —— ———
0K I Cancel |
(2) Adding anew symbol
Check the following [New symbol] check box to add a new symboal.
Symbol name, category, attribute, address, stack size can be specified here.
Add el b3
p— .
¥ Hew symbol Syrmbol| et :
Symbal | Address | Source | Stack si: «
I flser F‘unction 0:0000082c  CallWalkerZ.obj 0000000
= = 000000480  intprg.obj 0:000000C
Category : 0x0000082e  sbrk.obj 0:000000¢
[G7G++ Function = 000000428 intpre.ch 00000000
000000806 CallWalkerZ.obj 0000000
Attributes | ——— pddiess - 0x00000800  GallWialker2obj  0x000000C
™ Buntime library Tx00000540 = 000000000 Callwalker2.obj
[ Crested by aptimization 000000553 000000
] i Size : 0x00000400  resetpre.obj 0:000000C
B 00000073 = 0x00000808  GallWalkerZobj  0x000000C
= 0:00000204  CallWalker2.obj 0:000000C
I Virtual Stack size : 0:00000202  CallWalker2.obj 0000000
[~ Use local stack D0000000E = 000000000 CallWalker2.obj
INTTGIEETPUZ  0x00000460  intpre.abj 00000000
Source file : INT IRGS 0x0000043a  intpre.obj 00000001
|_User_Program.obj| i - i -]-";
0K I Gancel |
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* Modify command
Choose the symbol of which the information isto be changed, and click [Modify...] to display the following dialog box.

Some kind of information can be modified here.

Symbol
Sybol : name
R
_sub
Category [ \
L/ C++ Function Symbol
: . category
= P.ttr|bute§ | Address:
o I Buntime library [ 000000806 =~
[~ Created by optimization l Address
Sizge
Symbol [~ Interrupt ! :
i ™ Static I 000000002 3§
attribute = Function
[~ Wirtusl Stack size size
[~ Use local stack I Dh0000004 =]
Source file :
Object file [GaltislkerZ obj <£ Stack size
Ok I Cancel |

» Delete command

Choose the symbol of which the information is not to be used in the measurement of the amount used by stack, and click
[Delete...] to delete the symbol.

7.35 Stack Area Size of Assembly Program

Unlike by C/C++ program, the stack area size used by assembly program cannot be calculated automatically in
assembling. Therefore the stack area size used by assembly functions should be edited by using Call Walker.

But the stack area sizeis specified in the assembly function by using .STACK directive. Call Walker displaysthe value
specified by .STACK directive.

« Description of .STACK directive
Defines the stack amount for a specified symbol referenced by using Call Walker.

The stack value for a symbol can be defined only one time; the second and later specifications for the same symbol are
ignored. A multiple of 2 in the range from H'00000000 to H'FFFFFFFE can be specified for the stack value, and any other
valueisinvalid.

The stack value must be specified as follows:
* A constant value must be specified.
* Forward reference symbol, external reference symbol and relative address symbol must not be used.

« Specification Method of .STACK assembler directive

A.STACKA<symbol> = <stack value>
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» Example of assembly program

. CPU HBSXA: 24
. EXPORT _asm synbol
. SECTI ON P, CODE, ALI G\N=2
_asm synbol :
. STACK _asm synbol =88 ~ Stack Size of _asm_symbol function
RTS
. END

« Displayed Example by Call Walker

Asthe following example, the stack area size used by _asm_symbol function is displayed “88” in Call Walker.

As] $ADDDS (32 )
=1--[{3] _main {100
=1 [(3] funcl (963
03] _asm_symbal (83}
= [0} funcZ (403
‘[Rs] $40DDFS (32

* Remarks

(1) .STACK assembler directive can only make Call Walker display stack size, and does NOT affect the behavior of
program.

(2) Thisassembler directive is supported in H8S, H8/300 Series Assembler Ver.6.01 or later.

7.3.6 Merging Stack Information

Saved or editing stack information file can be merged with other stack information file.

By using this function, the edited stack information cannot be overwritten with rebuilt stack information.
* Merge example

(1) test.c

void main{waid)

funci(});

(2) Open astack information filein Call Walker
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(3) Change stack si

ze of funcl to 100

M3 funcl {0x00000100

(4) Changetest.c and rebuild (add func2 call)

void main{vaid)

func1();
func?i);

(5) Open test.sni, while opening test.cal

Check the following [Merge specified file] check box, and click on the [Open] button.

srackFile 21|
Look jr: Ia Debug j = I'j( =
test sni
File name: Itest.sni Dpen I
Files of type: IStack Filez [*.zni] or Profiles [F.pra) j Cancel |

vV Merge specified file

4

(6) After that, the stack information is merged.

The stack size of funcl that is changed at (3) is used and the information of func2 is added.

..... te

. [ _
-] funel {0x00000100 3
M0 func2 (0x00000002 )

main & Dx00000102

When [Merge specified file] check box isnot checked at (5), the stack size of funcl that is changed at (3) is overwritten
with the rebuilt value, which is the same as before changed.

¥ funcl € 0x00000002 »

[{H _func2 {0x00000002

RENESAS
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» Merge option

Merge method can be modified by possible five ways.
For more about this, refer to Description in this dialog.
[ Specification method]

Tools menu->Merge Option...

2%
Meree type { calling information & effective symbol detailed information 3 :
|Aidd all symbols to file & Editing file |
—Sample view :
Opened / Editing file : Merged file : Result :
Samplecal {Max:35) Samplecal  Max: 48 Samplecal © Max: 44 )
S0 A (36 = A (480 0 A 44
B (163 <-Madified ¥ B (28)
G (81 <-Deleted coigl
D (8} <-Moved D tas
] D &3 + -] E (2 =
[ E (271 <-Deleted F {181 <-Modified
F o143 -] E (27
: E (23} ] H (2 <-Added
G (631 <-fidded -G tEd
T H 2
Dezcription :
[ Precondition ] N
The following describes when the uzer operates the following procedures for each symbol in the
edited data.
{1} Reads file “Samplesni™ with Import.
(2 Editz the read information a= fallaws:
G lunder B : Remaved
D funder BY : Moved under &
E funder &) : Remaoved
B : Charees the symbol detailed information (chanees the stack zize from 12 ta 167
G : Added LI

* Remarks

This merge function isvalid in Call Walker Ver.1.3 or later.

7.3.7 Other Functions

* Realtime OS symbol

Specify the following, to display areatime OS symbol as #[l5 in the call information view (left frame on the screen).
[ Specification method]

Tools menu->Realtime OS Option...

* QOutput list

The stack information is output to the text file.

[ Specification method]

File menu->Output List...
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* Find

Two ways of search are available in the call information view by the following dialog.

Find 2]

Category :

IThe pazz of maximum stack size

i

Start I Cancel I

(1) Search the pass of maximum stack size
(2) Search the symbol name
[ Specification method]

Edit menu->Find...
Edit menu->Find Next... (Search next)
Edit menu->Find Previous... (Search previous)

* Setting display format in the call information view

Two ways of display format for the amount used by stack are available by the following command.

(1) Show Required Stack
Stack sizeis added from lower symbol to upper.

(2) Show Used Stack
Stack size is added from upper symbol to lower.

[ Specification method]

View menu-> Show Required Stack or Show Used Stack

RENESAS
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Section 8 Efficient C++ Programming Techniques

The Compiler supports the C++ and C languages.

This chapter describesin detail the options of an object-oriented language C++ and how to use the various C++ functions.

Code a C++ program for an embedded system with caution. Otherwise, the program will have alarger object size or a

lower processing speed than expected.

Therefore, this chapter presents some cases in which the performance of a C++ program is deteriorated compared with C
aswell as codes with which you can work around such performance deterioration.

The following table shows alist of efficient C++ programming techniques:

No. Category Iltem Section
1 Initialization Initialization Processing and Post-processing of Global 8.1.1
Processing/Post- Class Object
processing

2 Introduction to C++ How to Reference a C Object 8.2.1
3 Functions How to Implement new and delete 8.2.2
4 Static member variable 8.2.3
4 How to Use Options C++ Language for Embedded Applications 8.3.1
5 Run-time Type Information 8.3.2
6 Exception Handling Function 8.3.3
7 Disabling Startup of Prelinker 8.3.4
8 Advantages and Constructor (1) 8.4.1
9 gios;i\éantages of C++ Constructor (2) 8.4.2
10 Default Parameter 8.4.3
11 Inline Expansion 8.4.4
12 Class Member Function 8.4.5
13 operator Operator 8.4.6
14 Function Overloading 8.4.7
15 Reference Type 8.4.8
16 Static Function 8.4.9
17 Static Member Variable 8.4.10
18 Anonymous union 8.4.11
19 Virtual Function 8.4.12

RENESAS
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8.1 I nitialization Processing/Post-Processing
811 Initialization Processing and Post-Processing of Global Class Object

* Important Points:

To use aglobal class object in C++, you need to call the initialization processing function ( CALL_INIT) and the post-
processing function (_ CALL_END) before and after the main function, respectively.

« What isaglobal class object?

A global class object is a class object that is declared outside of a function.

(Class object declaration inside a function) (Global class object declaration)
voi d mai n(voi d) X XSanpl e(10); l - -
voi d mai n(voi d) | Declared outside of a function
X XSanpl e(10); {
X* P = &XSanpl e; X* P = &XSanpl e;
P- >Sanpl e2() ; P- >Sanpl e2() ;
} }

» Why isinitialization processing/post-processing necessary?

If aclass object is declared inside a function as shown above, the constructor of class X is called when function mainis
executed.

In contrast, aglobal class object declaration is not executed even when afunction is executed.

Thus, you need to call _CALL_INIT before calling the main function in order to explicitly call the constructor of class X.
Likewise, call CALL_END after calling the main function in order to call the destructor of class X.

 Operations when using and not using _CALL_INIT/_ CALL_END:
The following shows the values obtained when the value of member variable x of class X is referenced.

When not using_CALL_INIT/_ CALL_END, no correct value can be obtained and no expression in the while statement
will be executed as follows:

class X{
int x;
(Value of member variable x) public:
X(int n){x = n}; // constructor
~XO){} /1 destructor

Whenusing CALL_INIT -->10 vor & el e2(vo d) :

H
Whennotusing  CALL_INIT --> 0 X XSanpl e(10); // global class object
- - voi d X:: Sanpl e2(voi d)

while(x == 10) <-- Reference position

{
}

voi d mai n(voi d)

X* P = &XSanpl e;

P- >Sanpl e2();
}
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« How tocall _CALL_INIT/_CALL_END:

Provide the following code before and after calling the main function.

void I NI T(void)
{
_INITSCT();
_CALL_INIT();
mai n() ;
_CALL_ENI();
}

If HEW is used, remove the comment charactersin the section for calling_CALL_INIT/_CALL_END of resetprg.c.

(PowerON_Reset function of resetprg.c)

__entry(vect=0) void Power ON_Reset (voi d)

{
set _i mask_ccr(1);

_INITSCT();
_CALL_INIT(); /'l Remove the comment when you use gl obal class object

/1 _INT_IQLIB(); /1 Rermove the commrent when you use SIMI/O

/1 errno=0; /! Renove the comment when you use errno

/1 srand(1); /! Renmove the comment when you use rand()

/1 _slptr=NULL; /1 Renove the comment when you use strtok()

Har dwar eSetup(); // Use Hardware Setup
set _i mask_ccr(0);
mai n() ;

/1l _CLOSEALL(); /! Renobve the comment when you use SIMI/O
_CALL_ENIX(); /'l Remove the comrent when you use gl obal class object
sl eep();

}
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8.2 I ntroduction to C++ Functions

8.21 How to Reference a C Object

* Important Points:

Use an 'extern "C"' declaration to directly use in a C++ program the resourcesin an existing C object program.
Likewise, the resourcesin a C++ aobject program can be used in a C program.

» Example of Use:

1. Usean'extern"C" declaration to reference afunction in a C object program.

(C++ program) (C program)
extern "C' void CFUNC(); extern void CFUNC();
voi d mai n(voi d) voi d CFUNC()
{ {
X XCLASS; whi | e(1)
XCLASS. Set Val ue(10); {
a++;
CFUNC() ; }
} }

2. Usean 'extern "C" declaration to reference afunction in a C++ object program.

(C program) (C++ program)
voi d CFUNC() extern "C' void CPPFUNC();
{ voi d CPPFUNC(voi d)
CPPFUNC() ; {
} whi | e(1)
{
a++;
}
}

* Important Information:

1. A C++ object generated by a previous-version compiler cannot be linked because the encoding and executing methods
have been changed.

Be sure to recompile it before using it.
2. A function called in the above method cannot be overloaded.
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822 How to Implement new and delete

* Important Points:

To use new, implement alow-level function.

* Description:

If new isused in an embedded system, the dynamic allocation of actual heap memory isrealized using malloc.

Thus, implement alow-level interface routine (sbrk) to specify the size of heap memory to be allocated just as when using
malloc.

* Implementation Method:

To use HEW, make sure that|[Use Heap M emory]| is checked when aworkspace is created.

If this option is checked, sbrk.c and shrk.h shown on the next page will be automatically created.
Specify the size of heap memory to be allocated W Heap Size.
To change the size after creating a workspace, change the value defined in HEAPSIZE in sbrk.h.

If HEW is not used, create afile shown on the next page\and implement it in a project.

2%

[v Use Heap Memory

Heap Size: IH'42D

Generate maint Function
IO zource file j

[v LD Register Definition Files

Generate Hardware Setup
Function

I Morne j

<Back [ MNet> |  Finish |  Gancel
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(sbrk.c)

#i ncl ude <stdio. h>
#i ncl ude "sbrk. h"

//const size_t _sbrk_size= [/* Specifies the mninmumunit of */

/* the defined heap area */
static union {
long dummy ; /* Dummy for 4-byte boundary */
char heap[ HEAPSI ZE] ; /* Declaration of the area nmanaged */
/* by sbrk */
}heap_area
static char *brk=(char *)&heap_area;/* End address of area assigned */

IR EEE R SRR R R SRR R R R R R R R AR R LY

/* sbrk: Data wite */
/* Return val ue: Start address of the assigned area (Pass) */
/* -1 (Failure) */
/**************************************************************************/
char *sbrk(size_t size) /* Assigned area size */
{

char *p

i f(brk+si ze>heap_ar ea. heap+HEAPSI ZE) /* Enpty area size */

return (char *)-1

p=brk ; /* Area assignnment */

brk += size ; /* End address update */

return p
}
(sbrk. h)

/* size of area managed by sbrk */
#def i ne HEAPSI ZE 0x420

8.2.3 Static Member Variable
« Description:
In C++, aclass member variable with the static attribute can be shared among multiple objects of a class type.

Thus, a static member variable comes in handy because it can be used, for example, as acommon flag among multiple
objects of the same class type.

» Example of Use:
Create five class-A objects within the main function.

Static member variable num has an initial value of 0. This value will be incremented by the constructor every time an
object is created.

Static member variable num, shared among objects, will have avalue of 5 at the maximum.
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* FAQ:
The following lists some frequently asked questions on using a static member variable.
[L2310 Error Occurred)]

When a static member variable is used, message "** L2310 (E) Undefined external symbol "class-name::static-member-
""" is output at linkage.

variable-name" referenced in "file-name’
[Solution]
This error occurs because the static member variable is not defined.

Add either of the following definition as shown on the next page:

If thereisaninitial value: i nt A: : num = 0;
If thereisnoinitial value: i nt A: : a;

[Unableto assign an initial value]
No initial valueis assigned to a static member variable to be initialized.
[Solution]

A static member variable to be initialized, handled as a variable with an initial value, is created in the D-section by default.
Thus, specify the ROM implementation support option of the optimization linkage editor and, in theinitial routine, copy
the D-section from the ROM to the RAM using the _INITSCT function.

Note: Thissolution is not required if HEW automatically creates an initial routine.
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(C++ program)

class A
{
private:
static int num
publi c:
A(voi d);
~A(voi d);
H

<
|

|int A :num = 0;

Defining a static member variable

voi d mai n(voi d)

{

al,
az;
as;
a4,
ab;

Creating a class A-type class object

> > > > >

}

A:: A(voi d)
{

++nu . . .
m Incrementing a static member variable

}

A:: ~A(voi d)
{

--num

}

8.3 How to Use Options

8.3.1 C++ Language for Embedded Applications
« Description:
The ROM/RAM sizes and the execution speed are important for an embedded system.

The C++ language for embedded applications (EC++) is a subset of the C++ language. For EC++, some of the C++
functions not appropriate for an embedded system have been removed.

Using EC++, you can create an object appropriate for an embedded system.
« Specification method:
Dialog menu: C/C++ tab Category: Other tab, Check against EC++ language specification

Command line: eccp
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» Unsupported keywords:
An error message will be output if either of the following keywords is included.

catch, const_cast, dynamic_cast, explicit, mutable, namespace, reinterpret_cast, static_cast, template, throw, try, typeid,
typename, using

» Unsupported language specifications:
A warning message will be output if either of the following language specificationsis included.

Multiple inheritance, virtual base class

8.3.2 Run-time Type Information

« Description:

In C++, aclass object with avirtual function may have a typeidentifiable only at run-time.

A run-time identification function is available to provide support in such a situation.

To usethis function in C++, use the type_info class, typeid operator, and dynamic_cast operator.
For the Compiler, specify the following option to use run-time type information.

Additionally, specify the following option at linkage to start up the prelinker.

« Specification method:

Dialog menu: CPU tab, Enable/disable runtime typeinformation

Command line: rtti=on | off

Dialog menu: Link/Library tab, Category: Input tab, Prelinker control
Then, select Auto or Run prelinker.

Command line: Do not specify noprelink (default).
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» Example of Use of type_info Class and typeid Operator:

The type_info class isintended to identify the run-time type of an object.

Use the type_info class to compare types at program execution or acquire a classtype.

To use the type info class, specify a class object with a virtual function using the typeid operator.

#i ncl ude <typeinfo. h>
#i ncl ude <string>

ﬁl Must be included

cl ass Base{
pr ot ect ed:

string *pnanel;
public:

Base class

Base() {
pnanel new string
if (pnanel)

*pnanel

" Base";

}

vi rtual
vi rtual

string Show() {return *pnanel;}
~Base() { Virtual

Virtual function

if (pnanmel)
del et e pnanel;

destructor

Derived* pd new Deri ved;

const type_info&t

typei d(pb)

} } Derived class
class Derived : public Base{
string *pnane2;
public:
Derived() {
pnane2 = new string;
if (pnane2) Virtual function
*pnanme2 = "Derived";
}
string Show() {return *pnane2;}
~Derived() { Virtual
if (pnane2) destructor
del et e pnane2;
}
b
voi d mai n(voi d)
{
Base* pb = new Base; Specifying a

class object

const type_Infos t% Acquiring type name [Derived *]

t.name();
t1. name();

j Acquiring type name [Base *]
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» Example of Use of dynamic_cast Operator:

Use the dynamic_cast operator, for example, to cast at run-time a pointer or reference of the derived-class type to a pointer

or reference of the base-class type between a classincluding avirtual f

unction and its derived class.

#i ncl ude <string>
cl ass Base{

pr ot ect ed: Base class
string *pnanel;
publi c:
Base() { Virtual function
pnanel = new string;
if (pnanel)
*pnanel = "Base";
}
virtual string Show() {return *pnanel;}
virtual ~Base() { Virtual
if (pnanel) destructor
del ete pnanel;

}: Derived class

class Derived : public Base{
string *pnane2;

Derived *pderived = new Derived;
Base *pbase

string ddd;

public:
Derived() {
pnane2 = new string;
if (pnane2) Virtual function
*pname2 = "Derived";
}
string Show() {return *pnane2;}
. ]
~Derived() { Virtual
if (pnane2) destructor
del ete pnane2;
}
b
voi d mai n(voi d) Cast to Base * at
{ run-time

dynam c_cast <Base *> (pderived);

ddd = pbase-> Show();

del et e pbase;

I
Acquiring class
name Base

RENESAS
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8.3.3 Exception Handling Function

« Description:

Unlike C, C++ has a mechanism for handling an error called an exception.

An exception is ameans for connecting an error location in a program with an error handling code.
Use the exception mechanism to put together error handling codes in one location.

For the Compiler, specify the following option to use the exception mechanism.

« Specification method:

Dialog menu: CPU tab, Usetry, throw and catch of C++

Command line: exception

» Example of Use:

If opening of file"INPUT.DAT" fails, initiate the exception handling and display an error in the standard error output.

(C++ program example for exception handling)

voi d mai n(voi d)
{
try
{
if ((fopen("INPUT. DAT", "r"))==NULL){
char * cp = "cannot open input file\n";
throw cp;
}
}

catch(char *pstrError)

{
fprintf(stderr,pstrError);
abort ();

}

return;

* Important Information:

The coding performance may deteriorate.
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8.34 Disabling Startup of Prelinker
« Description:

Starting up the Prelinker will reduce the link speed. The Prelinker need not be running unless the template function or run-
time type conversion of C++ is used.

To use the Linker from a command line, specify the following noprelink option.

If Hew isused and the Prelinker control list box is set to Auto, the output of the noprelink option will be automatically
controlled.

« Specification method:
Dialog menu: Link/Library tab, Category: Input tab, Prelinker control

Command line: noprelink

8.4 Advantages and Disadvantages of C++ Coding
The Compiler, when compiling a C++ program, internally converts the C++ program to a C program to create an object.

This chapter compares a C++ program and a C program after conversion and describes the influences on coding efficiency
of each function.

Development and

No. Function maintenance Size Reduction  Speed Section
1 Constructor (1) © A A 8.4.1
2 Constructor (2) © A A 8.4.2
3 Default parameter © (0] (0] 8.4.3
4 Inline expansion (0] A (0] 8.4.4
5 Class member function © A A 8.45
6 operator Operator © A A 8.4.6
7 Function overloading © (0] (0] 8.4.7
8 Reference type © (0] (0] 8.4.8
9 Static function © (0] (0] 8.4.9
10 Static member variable © (0] (0] 8.4.10
11 Anonymous union © (0] (0] 8.4.11
12 Virtual function © A A 8.4.12

©: SameasC
O : Requiring caution in use
A: Performance decrease
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84.1 Constructor (1)

Developmentand | © | Size Reduction A Speed A
maintenance

* Important Points:

Use a constructor to automatically initialize a class object. However, use it with caution because it will influence the object
size and processing speed as follows:

» Example of Use:

Create aclass-A constructor and destructor and compile them.The size and processing speed will be influenced because
the constructor and destructor will be called in the class declaration and decisions will be made in the constructor and
destructor codes.

(C++ program)

class A
{
private:
int a;
publi c:
A(voi d);
~A(voi d);
int getValue(void){ return a; }

voi d mai n(voi d)
{
A a;
b = a.getVal ue();

A: : A(voi d)
{
a = 1234;
}
A:: ~A(voi d)

{
}
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(C program after conversion) struct A* _ ct__A( struct A *this)
{

struct A { if( this I'= (struct A*)O

int a; || (this = (struct A
}; *y_nw_FU (4) ) !'= (struct A*)0)
{

void *_nw__FU (unsigned | ong); (this->a) = 1234;

void __dl __FPv(void *); }

voi d mai n(void); return this; Constructor code

struct A *__ct__ A(struct A *); }

void __dt__A(struct A *const, int);

void __dt__A( struct A *const this,

voi d mai n(voi d) int flag)
t Constructor call t
struct A a; / u if (this != (struct A *)0){
_ct__A(&a); if (flag & 1) {
_b=1((aa)); dl __FPv((void *)this);
_dt__A(&a, 2); }
} }
Destructor call return; Destructor code
}

8.4.2 Constructor (2)

Developmentand | © | Size Reduction A Speed A
maintenance

* Important Points:

Todeclareaclassin an array, use a constructor to automatically initialize a class object. However, use it with caution
because it will influence the object size and processing speed as follows:

* Example of Use:

Create a class-A constructor and destructor and compile them.The memory needs to be dynamically allocated and
deallocated because the constructor and destructor are called in the class declaration but are declared in the array.

Use new and delete to dynamically allocate and deall ocate the memory.

This requires implementation of alow-level function. (For details on the implementation method, refer to 9.2.2 Execution
Environment Settings, in the H8S,H8/300 Series C/C++ Compiler, Assembler, Optimizing Linkage Editor User’s Manual)

The size and processing speed will be influenced because decisions and the low-level function processing are added in the
constructor and destructor codes.
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(C++ program)

class A
{
private:
int a;
public:
A(voi d);
~A(voi d);
int getValue(void){ return a; }
H
voi d mai n(voi d)
{
A a[5];
b = a[0]. get Val ue();
}
A: : A(voi d)
{
a = 1234,
}
A: : ~A(voi d)
{
}

(C program after conversion)
struct A {
int a;

}s

void *__nw__FU (unsigned | ong);
void __dl_ FPv(void *);

voi d mai n(void);

void *__vec_new();

void __vec_delete();

struct A *__ct__ A(struct A *);

void __dt__A(struct A *const, int);

struct A*__ct__ A( struct A *this)
{
if((this !'= (struct A *)0)
|] ( (this = (struct A
*)_nw__FU (4)) !'= (struct A *)0) )
{
(this->a) = 1234;

}

return this; Constructor code

voi d mai n(voi d)
Constructor call

{
struct A a[5]; /

__vec_new (struct A *)a, 5, 4,
_Ct_A);

_b=((_34_4_aa));

__vec_delete( &, 5, 4, __dt__A
0, 0);
} Destructor call

void _ dt__A( struct A *const this,
int flag)

{
if (this !'= (struct A *)0){
if (flag & 1){
_dl__FPv((void *)this);
}
' Destructor code
return;
}
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8.4.3 Default Par ameter

Developmentand | ©
maintenance

Size Reduction (e}

Speed (0]

* Important Points:

In C++, adefault parameter can be used to set a default used when calling a function.

To use adefault parameter, specify adefault value for parameters of a function when declaring the function.

Thiswill eliminate the need of specifying a parameter in many of the function calls and enable the use of a default
parameter instead, thus improving the development efficiency.

A parameter value can be changed if a parameter is specified.

» Example of Use:

The following shows an example of calling function sub when 0 is specified as a default parameter value in the declaration

of function sub.

As shown below, no parameter needs to be specified if the default parameter value is acceptable when calling function

sub.Moreover, the efficiency of aprogram is not deteriorated even when it is converted into C.

In sum, adefault parameter ensures superior development and maintenance efficiency and has no disadvantage compared

with C.

(C++ program)

voi d mai n(void);

Specifying 0 as a
parameter value in the
function declaration

(C program after conversion)

|int sub(int, int =

0); |

voi d mai n(voi d)

voi d mai n(void);
int sub(int, int);

voi d mai n(voi d)

No second parameter
specified

Converted to the default
parameter value

{
int retl;
int ret2;
retl = sub(1l,2)
ret2 = sub(3);
}
int sub(int a, int
{

return a + b;

N

b /* =0 */ )

{
int retl;
int ret2;
retl = sub(l, 2); J
ret2 = sub(3, 0);
}
int sub( int a, int b)
{

return a + b;

RENESAS
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844 Inline Expansion

Developmentand | O | Size Reduction A Speed (0]
maintenance

* Important Points:

When coding the definition of afunction, specify inline in the beginning to cause inline expansion of the function. This
will eliminate the overhead of afunction call and improve the processing speed.

» Example of Use:
Specify function sub as an inline function and inline-expand it in the main function.Then, remove the function sub code.
However, function sub cannot be reference from other files.

Use inline expansion with caution because, although the processing speed is certain to improve, the program size will
become too large unless only small functions are used.

(C++ program) (C program after conversion)
int a; int a;
voi d mai n(voi d) e dina th
inline int sub(int x, int y) { Xpanding the
{ a=3 < content of function
return (x+y); return: sub (1+2=3)
} }

voi d mai n(voi d)
{

a = sub(1,2);
}

8.4.5 Class M ember Function

Developmentand | © | Size Reduction A Speed A
maintenance

* Important Points:

Defining a class will enable information hidingand improve the development and maintenance efficiency.
However, use this technique with caution because it will influence the size and processing speed.

» Example of Use:

In the following example, class member functions set and add are used to access private class member variables a, b, and
C.

When calling a class member function, the parameter specification in a C++ program either has only a value or no
parameter.
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As shown in the C program after conversion, however, the address of class A (struct A) is also passed as a parameter.

Additionally, private class member variables a, b, and c are accessed in the class member function code.

However, the this pointer is used to access them.

In sum, use a class member function with caution because it will influence the size and processing speed.

{

{

}

{

}

{

}

(C++ program)

class A

private:

int a;
int b;
int c;

public:

void set(int, int, int);

int add();

int main(void)

A a;
int ret;

a.set(1,2,3);
ret = a.add();

return ret;

void A :set(int x, int vy,

int A :add()

return (a += b + c);

int z)

RENESAS
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(C program after conversion)
struct A {
int a;
int b;
int c;
b
void set__Aint_int(struct A *const, int, int, int);
int add__A(struct A *const);
int main(void)
{
struct A a;
int ret;
set_Aint_int(&, 1, 2, 3);
ret = add__A(&a);
return ret;
}
void set__Aint_int(struct A *const this, int x, int y, int z)
{
this->a = x;
this->b = vy;
this->c = z;
return;
}
int add__A(struct A *const this)
{
return (this->a += this->b + this->c);
}
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8.4.6 operator Operator

Developmentand | O | Size Reduction A

maintenance

Speed

* Important Points:

In C++, use the keyword, operator to overload an operator.

Thiswill enable simple coding of the user's operations such as matrix operations and vector calculations.

However, use operator with caution because it will influence the size and processing speed.

» Example of Use:

In the following example, unary operator "+" is overloaded using the operator keyword.

If the Vector classis declared as shown below, unary operator "+" can be changed to the user's operation.

However, the size and processing speed will be influenced because, as shown in the C program after conversion, reference

using the this pointer is made.

(C++ program)

cl ass Vector

User's operation (addition)

{
private:
int x;
int vy;
int z;
public:
Vector & operator+ (Vector &);
H
voi d mai n(voi d)
{
Vector a,b,c;
a=">b+c;
}
Vector & Vector::operator+ (Vector & vec)
{
static Vector ret;
ret.x = x + vec.Xx;
ret.y =y + vec.y; —
ret.z = z + vec. z;
return ret;

RENESAS
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(C program after conversion)

struct Vector {
int x;
int vy;
int z;

}

voi d mai n(void);
struct Vector *__plus__Vector_Vector(struct Vector *const,

voi d mai n(voi d)

{
struct Vector a;
struct Vector b;
struct Vector c;
a = _ _plus__Vector_Vector (&b, &c);
return;
}

struct Vector *_ plus__Vector_Vector( struct Vector *const
Vector *vec)

struct Vector *);

this, struct

{
static struct Vector ret;
ret.x = this->x + vec->x;
ret.y = this->y + vec->y;
ret.z = this->z + vec->z; (% Reference using the this pointer
return &ret;
}
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8.4.7 Overloading of Functions

Developmentand | © | Size Reduction | O Speed (0]
maintenance

* Important Points:
In C++, you can "overload" functions, i.e., give the same name to different functions.

Specifically, this feature is effective when you use functions with the same processing but with different types of
arguments.

Be careful not to give the same name to functions with no commonality because it is sure to cause malfunctions.
The use of this function will not influence the size or processing speed.

» Example of Use:

In the following example, the first and second parameters are added and the resultant value is used as a return value.
All the functions have the same name, add but different parameter and return value types..

As shown in the C program after conversion, the call of the add functions or the code of the add functions do not increase
the code size.

Thus, the use of this feature will not influence the size and processing speed.

(C++ program)

voi d mai n(void);

int add(int,int);

float add(float,float);
doubl e add(doubl e, doubl e) ;

voi d mai n(voi d)

{
int ret_i = add(1, 2);
float ret_f add(1.0f, 2.0f);
double ret_d add(1.0, 2.0);

int add(int x,int y)
{

return x+y;

float add(float x,float y)
{

return x+y;

doubl e add(doubl e x, doubl e y)
{

return x+y;

}
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(C program after conversion)

voi d mai n(void);

int add__int_int(int, int);

float add__float_float(float, float);
doubl e add__doubl e_doubl e(doubl e, doubl e);

voi d mai n(voi d)

{
auto int ret_i;
auto float ret_f;
auto double ret_d;
ret_i = add__int_int(1, 2);
ret_f = add__float_float(1l.0f, 2.0f);
ret_d = add__doubl e_doubl e(1.0, 2.0);
}
int add__int_int( int x, inty)
{
return x + y;
}
float add__float_float( float x, float y)
{
return x +y;
}
doubl e add__doubl e_doubl e( doubl e x, double y)
{
return x +y;
}

Rev.3.00 2005.09.12 8-24
REJO5B0464-0300
RENESAS



Section 8 Efficient C++ Programming Techniques

8.4.8 Reference Type

Developmentand | © | Size Reduction

maintenance

Speed (0]

* Important Points:

The use of areference-type parameter will enable simple coding of a program and improve the development and

maintenance efficiency.

Additionally, the use of the reference type will not influence the size or processing speed.

» Example of Use:

As shown below, reference-type passing instead of pointer passing will enable simple coding..

In areference type, not the values but the addresses of a and b are passed.

The use of areference type, as shown in the C program after conversion, will not influence the size and processing speed.

(C++ program)

voi d mai n(void);
void swap(int& int&;

voi d mai n(voi d)

{
int a=100;
int b=256;
swap(a, b);
}
void swap(int &, int &)
{
int tnp;
tnp = Xx;
X =Y,
y = tnp;
}

(C program after conversion)
voi d mai n(void);
void swap(int *, int *);
voi d mai n(voi d)
{

int a=100;

int b=256;

swap(&a, &b);
}
void swap(int *x, int *y)
{

int tnp;

tnp = *x;

X o=y,

*y = tnp;
}

RENESAS
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8.4.9 Static Function

Developmentand | © | Size Reduction | O Speed (0]
maintenance

* Important Points:

If the class configuration becomes complex due to derived classes, etc., it will be increasingly more difficult to access
static class member variables with the private attribute until they need to be changed to the public attribute.

To access a static class member variable without changing the private attribute in such a case, create amember function to
be used as an interface and specify the static variable in the function.

A static function is thus used to access only static class member variables.
» Example of Use:
As shown on the next page, use a static function to access a static member variable.

Although the use of a class will influence the code efficiency, the use of a static function itself will not influence the size
and processing speed.

* Note:

For details on a static member variable, refer to section 8.2.3, Static Member Variable.
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(C++ program)

Static member variable

Static function

class A
{
private:
static int num |<—
public:
|st atic int getNun(void); |<—
A(voi d);
~A(voi d);
H

int A :num= 0;

voi d mai n(voi d)

{
int num
num = A::get Num();
A al;
num = al. get Num();
A az;
num = a2. get Num();
}
A: : A(voi d)
{
++num
}
A:: ~A(voi d)
{
--num
}
int A::getNun(void)
{
return num <
}

Accessing the static
member variable

RENESAS

Rev.3.00 2005.09.12 8-27
REJO05B0464-0300



Section 8 Efficient C++ Programming Techniques

(C program after conversion)
struct A
{

char __dummy;
}

void *__nw__FU (unsigned | ong);

void __dl__FPv(void *);

| int getNum _A(void);

Static member variable

struct A *__ct__ A(struct A *);
void __dt__A(struct A *const, int);

[int num 1A=0;, |gQ——— |

voi d mai n(voi d)

Static function

{
int num
struct A al;
struct A az;

num = get Num_A();

_ct__A(&l);
num = get Num_A();

_ct__A(&2);
num = get Num_A();

_dt__A(&2, 2);
_dt__A(&l, 2);
}
int get Num _A(void)
{

return num__1A;

}
struct A*__ct__A( struct A *this)

{
if ( (this != (struct A *)0)
[ ( (this
++num__ 1A,

}
return this;
}
void __dt__A( struct A *const this,
{
if (this !'= (struct A *)0){
--num__1A;
if(flag & 1){
_dl__FPv((void *)this);

}

return;

<—

(struct A*)_ nw__|

Accessing the static member variable

FU (1)) !'= (struct A *)0) ){

int flag)
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8.4.10 Static Member Variable

Developmentand | © | Size Reduction | O Speed (0]
maintenance

* Important Points:
In C++, aclass member variable with the static attribute can be shared among multiple objects of a class type.

Thus, a static member variable comes in handy because it can be used, for example, as acommon flag among multiple
objects of the same class type.

» Example of Use:
Create five class-A objects within the main function.

Static member variable num has an initial value of 0. This value will be incremented by the constructor every time an
object is created.

Static member variable num, shared among objects, will have a value of 5 at the maximum.
Additionally, the use of aclasswill influence the code efficiency.

However, the use of a static member variable itself will not influence the size and processing speed because the Compiler
internally handles member variable numasif it is an ordinary global variable.

* Note:

For details on a static member variable, refer to section 8.2.3, Static Member Variable.
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(C++ program)

class A
{
private:
static int num
public:
A(voi d);
~A(voi d);
H

int A:num= 0;

voi d mai n(voi d)

{
ﬁ Z; Creating a class A-type class object
A a3;
A a4,
A a5;
}
A: : A(voi d)
{ <
}| ++num | Incrementing a static member variable
A: : ~A(voi d)
{
--num
}
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(C program after conversion)

struct A
{

char __dummy;
|

void *__nw__FU (unsigned | ong);
void __dl _ FPv(void *);
struct A *__ct__ A(struct A *);

void _ dt__A(struct A *const, int);

[int num 1A = 0; |¢———

voi d mai n(voi d)

{

Handled by the Compiler as if it is
an ordinary global variable

struct A al,
struct A az,

Creating class A-type class objects

struct A a3;
struct A a4,
struct A ab;

<

__ct__A(&al);

Calling constructors

_ct__A(&a2);
__ct__A(&a3);
_ct__A(&ad);
__ct__A(&a5);

— dt__A(&a5, 2);

Calling destructors

_dt__A(&a4, 2);
_dt__A(&a3, 2);
_dt__A(&a2, 2);
_dt__A(&al, 2);

}

struct A*__ct__ A( struct A *this)

{
if( (this != (struct A *)0)

|] ( (this = (struct A*)__nw_FU(1)) != (struct A *)0) ){

| ++num_1A, |47

}

Incrementing a static member variable

return this;

}

void _ dt__A( struct A *const this,

{
if(this !'= (struct A *)0){
--num__1A;
if (flag & 1){

int flag)

_dl__FPv((void *)this);

}

return;
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8.4.11 Anonymousunion

Developmentand | ©
maintenance

Size Reduction (e}

Speed

* Important Points:

In C++, use an anonymous union to directly access amember without, likein C, having to specify the member name.

Thiswill improve the development efficiency.Additionally, it will not influence the size and processing speed.

» Example of Use:

In the following example, function main is used to access union member variable s.

In the C++ program, member variable sis directly accessed. In the C program after conversion, it is accessed using a

member name that the Compiler has automatically created.

The use of this simple code enables access to a member variable without influencing the object efficiency.

(C++ program)
struct tag {
uni on {

unsi gned char

unsi gned | ong

unsi gned short s[2];

c[4];

} -
H
voi d mai n(voi d)
{
tag t;
t.s[1] = 1;

) A

There is no
member name.

(C program after conversion)

struct tag {
union _uni {
unsi gned char
unsi gned short
unsi gned | ong
} access; «

c[4];
s[2];
I

voi d mai n(voi d)

{
struct tag t;
t.access.s[1] =1

b4

Thereis a
member name.
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8.4.12 Virtual Function

Developmentand | © | Size Reduction A Speed A
maintenance

* Important Points:

A virtual function must be used if, as shown in the following program, there is a function with the same name in each of a
base class and a derived class. Otherwise, the function call cannot be properly made as intended.

If avirtual function is declared, these calls can be properly made as intended.

Use avirtual function to improve the development efficiency. However, use it with caution because it will influence the
size and processing speed.

* Example of Use:

In the main3 function call, two pointers store class-B addresses.

If virtual is declared, the class-B foo function is properly called.

If virtual is not declared, one of the pointers calls the class-A foo function.

The use of avirtual function, resulting in creation of atable, etc. as shown on the next page, will influence the size and
speed.

(C++ program) void mainl(void)
{

class A A a;
{ Virtual function a.foo();
private: declaration }

int a;
publi c: / voi d mai n2(voi d)

virtual void foo(void); {
s B b;

b.foo(); ¢ Virtual

class B : public A } function call
{
private: Virtual function voi d mai n3(voi d)

int b;/ declaration {
publi c: B b;

virtual void foo(void); A * pa = &b;
H B * pb = (B*)é&b;
void A :foo(void) pa->foo() ; |g——
{ pb->f oo() ;
} }
void B::foo(void)
{
}
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» C program after conversion (tables, etc. for virtual functions):

struct __ T5585724;

struct __type_info;

struct __ T5584740;

struct __ T5579436;

struct A

struct B;

extern void mainl__Fv(void);

extern void main2__Fv(void);

extern void main3__Fv(void);

extern void foo__ 1AFv(struct A *const);
extern void foo__1BFv(struct B *const);
struct _ T5585724

{
struct __T5584740 *ti nfo;
| ong of fset;
unsi gned char fl ags;
b
struct __type_info
{
struct __ T5579436 *__vptr;
b
struct __ T5584740
{
struct __type_info tinfo;
const char *nane;
char *id;
struct __T5585724 *bc;
b
struct _ T5579436
{
| ong d; /I this pointer offset
long i; /I Unassigned
void (*f)(); /I For virtual function call
b
struct A { /I Class-A declaration
int a
struct __T5579436 *__vptr; /I Pointer to a virtual function table
b
struct B { /I Class-B declaration
struct A __b A
int b;
b

static struct __T5585724 __ T5591360[ 1] ;

#pragma section $VTBL

extern const struct __ T5579436 _ vtbl __ 1A 2];

extern const struct __ T5579436 _ vtbl __ 1B[2];

extern const struct _ T5579436 _ _vtbl __Q_3std9type_info[];
#pragma section

extern struct _ T5584740 _ T_1A

extern struct _ T5584740 _ T 1B;
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static char __TID 1A /I Unassigned
static char __TID 1B; /I Unassigned
static struct __T5585724 __T5591360[ 1] = // Unassigned
{
{
& T_1A
oL,
((unsi gned char) 22U)
}
b
#pragma section $VTBL
const struct _ T5579436 _ vtbl __1A[2] = /I Virtual function table for class-A
{
{
oL, /I Unassigned area
oL, /I Unassigned area
((void (*)())& _T_1A) /I Unassigned area
H
{
oL, /I this pointer offset
oL, /I Unassigned area
((void (*)())foo__1AFv) /I ((void (*)())foo__1AFv) // Pointer to A::foo()
}
H
const struct _ T5579436 _ vtbl __1B[2] = /I Virtual function table for class-B
{
{
oL, /I Unassigned area
oL, /I Unassigned area
((void (*)())& _T_1B) /I Unassigned area
b
{
oL, /I this pointer offset
oL, /I Unassigned area
((void (*)())foo__1BFv) Il ((void (*)())foo__1BFv) // Pointer to B::foo()
}
H
#pragnma section
struct __T5584740 _ T 1A = /I Type information for class-A (unassigned)
{
{
(struct __T5579436 *)__vtbl __Q_3std9type_info
b
(const char *)"A",
& TID_1A
(struct __T5585724 *)0
b
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struct _ T5584740 __ T 1B = /I Type information for class-B (unassigned)
{

{

(struct _ T5579436 *)__ vtbl __ Q_3std9type_info

b

(const char *)"B",

& TID 1B,

__T5591360

» C program after conversion (virtual function calls):

void mainl__Fv(void)
{
struct A _a;
_a._vptr = __vtbl __1A
foo 1AFV( & a ); /I foo__1AFv(&_a); // Call of A::foo()
return;
}
voi d mai n2__Fv(void)
{
struct B _b;
_b._b A __vptr = __vtbl __1A
_b._b A __vptr = _ vtbl__1B;
foo_1BFv( & b ); /I foo__1BFv(&_b); // Call to B::foo()
return;
}
voi d mai n3__Fv(void)
{
struct __T5579436 *_tnp;
struct B _a;
struct A *_pa;
struct B *_pb;
(*((struct A*)(&Db))).__vptr = _vthbl 1A
(*((struct A*)(&Db))).__vptr = _vtbhl__1B;
_pa = (struct A *)& b;
_pb = & b;
_tnp = _pa->__vptr + 1,
( (void (*)(struct A *const)) _tmp->f ) ( (struct A *)_pa + tnp->b);
/I Call to B::foo()
_tmp = _pb->__b_A __vptr + 1;
( (void (*)(struct B *const)) _tnmp->f ) ( (struct B *)_pb + tnp->b);
/I Call to B::foo()
return;
}
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Section 9 Optimizing Linkage Editor

This chapter describes the use of effective options at linkage, and the Inter-Module Optimization at linkage.

The following table shows alist of the items relating to the use of Optimizing Linkage Editor.

No. Category Item Section
1 Input/Output Options Input Options 9.1.1
Output Options 9.1.2
2 List Options Symbol information 9.2.1
3 Number of references 9.2.2
4 Cross-Reference Information 9.2.3
5 Effective Options Output to unused area 9.3.1
6 End code of S type file 9.3.2
7 Debug information compression 9.3.3
8 Link time reduction 9.34
9 Notification of Unreferenced Symbol 9.3.5
10 Reduce empty areas of boundary alignment 9.3.6
11 Optimize Options Optimization at linkage 9.4.1
12 Sub options of Optimize Option
13 Unifies constants/strings 9.4.2
14 Eliminates unreferenced variables/functions 9.4.3
15 Uses short absolute addressing mode 9.4.4
16 Optimizes register save/restore codes 9.4.5
17 Unifies common codes 9.4.6
18 Uses indirect addressing mode 9.4.7
19 Optimizes branch instructions 9.4.8
20 Shortens the addressing mode 9.49
21 Optimization partially disabled 9.4.10
22 Confirm Optimization Results 9.4.11

RENESAS
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9.1 I nput/Output Options

911 Input Options

e Description

The optimizing linkage editor can input the following four files according to user usage.
Thisis one of the convenient features.

* Specification Method

Dialog menu: Link/Library Tab Category: [Input] Show entriesfor :

Command line: Input <suboption>:<file name>
Library<file name>
Binary< suboption>:<file name>

¢ Available Input Files

Kind of Files Command line
Obiject Files input
Relocatable Files input

Library Files library

Binary Files binary

(1) Object Files

Ordinary files output from the compiler or the assembler.

(2) Relocatable Files

Relocatable (Address Unresolved) Files.

Thisfile consists of one or more object files, and is generated from the optimizing linkage editor with output options.
Symbolsin relocatable files are linked, even if other filesdon’t refer to them.

So in case of using the relocatable files, be careful about the above not to increase ROM size by linking unnecessary files.

Relocatable

W W -
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(3) Library Files
Relocatable (Address Unresolved) Files.
Thisfile consists of one or more object files, and is generated from the optimizing linkage editor with output options.

Symbolsin relocatable files are not linked, if other filesdon’t refer to them.

Library Files

Binary Files are available to input.

(4) Binary Files
Thisfile consists of one or more object files, and is generated from the optimizing linkage editor with output options.

When input binary files, section name should be specified. This section name is located with the start option.

Asbinary files have no debug information, C/C++ source level debugger can’t be used.

Binary Files

[Specification Method 1]

Section name should be specified.
Dialog menu: Link/Library Tab Category: [Input] Show entriesfor : Binary files

Command line: binary=bin_c.bin(PPP)

Add binary file P
Relative to o8
|Custom directory j Gancel
Eull file path :

|G¥Hew-exe¥Hew3_HEVE¥bin¥bin_ko¥ Debug¥bin_cbin Browse..

Section :
[PPP

Boundary alignment :
|1 brte j

Symbal :
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[Specification Method 2]

Symbol can be defined at the head of the binary files.

Specify symbol name with section hame, to do this.

For avariable name referred by a C/C++ program, add an underscore () at the head of the symbol name.
Dialog menu: Link/Library Tab Category: [Input] Show entriesfor : Binary files

Command line: binary=bin_c.bin(PPP,_func)

Add binary file

Belative to: QK

|Custom directory j Gancel
Eull file path :

|G¥Hew-exe¥Hew3_HEVE¥bin¥bin_ko¥ Debug¥bin_cbin Browse..
Section :

[PRP[

Boundary alignment :

|1 brte j

Symbal :

| furc

[Specification Method 3]
When input binary files, boundary alignment value can be specified.

When the boundary alignment specification is omitted, 1 is used as the default for the compatibility with earlier versions.
This boundary alignment specification isvalid in the Optimizing Linkage Editor Ver.9.0 or later.

Dialog menu: Link/Library Tab Category: [Input] Show entriesfor : Binary files
Command line: binary=bin_c.bin(PPP:<boundary alignment>, func)

<boundary alignment>; 1|2 |4 | 8| 16 | 32 (default: 1)

Add binary file

Belative to: QK

|Custom directory j Gancel
Eull file path :
|G¥Hew-exe¥Hew3_HEVE¥bin¥bin_ko¥ Debug¥bin_cbin Browse..
Section :
[PRP[
Boundary alignment :
|1 brte j
BT

| furc
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9.1.2 Output Options

e Description

Some type of ROM writer can input only HEX filesor only S-typefiles.

The optimizing linkage editor can output the following eight files according to user usage.

User can change the kind of output file, if necessary.

« Specification Method

Dialog menu: Link/Library Tab Category: [Output] Type of output file:

Command line: orn{ absolute | relocate | object | library=s| library=u | hexadecimal | stype | binary }

¢ Available Output Files

No. Kind of Files Command line

1 Absolute Files form absolute

2 Relocatable Files form relocate

3 Obiject Files form object

4 User Library Files form library=s

5 System Library Files form library=u

6 HEX Files form hexadecimal
7 S-type Files form stype

8 Binary Files form binary
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(1) Absolute Files

Address resolved Files by the optimizing linkage editor.

Asthisfile has debug information, C/C++ source level debugger can be used.

When writing to ROM, this file should be transformed to either Stype format, HEX, or Binary.

(2) Relocatable Files

Relocatable (Address Unresolved) Files.

Asthisfile has debug information, C/C++ source level debugger can be used.

To execute thisfile, this file should be transformed to absolute file by linking again.

(3) Object Files

Thisfile is used when amodule (object) is extracted as an object file from alibrary with the extract option.

When specifying by command line, a needed object file can be extracted from the library file specified by this option.
When using HEW, specify the following options at Link/Library Tab Category: [Other] User defined options:
[Extract Options]

form=object
extract=<module name>

(4) User Library/System Library

Output Library Files.

(5) HEX Files

Output HEX Files.

Asthisfiles have no debug information, C/C++ source level debugger can’t be used.

For details of HEX file, please refer to section 19.1.2, HEX File Format, in the H8S,H8/300 Series C/C++ Compiler,
Assembler, Optimizing Linkage Editor User's Manual.

(6) StypeFiles
Output S-type Files.
Asthisfiles have no debug information, C/C++ source level debugger can’t be used.

For details of Stypefile, please refer to section 19.1.1, S-Type File Format, in the H8S,H8/300 Series C/C++ Compiler,
Assembler, Optimizing Linkage Editor User's Manual.

(7) Binary Files
Output Binary Files.

As binary files have no debug information, C/C++ source level debugger can’t be used.
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9.2 List Options

9.21 Symbol Information List

e Description

The optimizing linkage editor can output symbol address, size and optimization information in
addition to linkage map information, by specifying additional sub-options.

(1) symbol address -ADDR

(2) size -SIZE

(3) optimization -OPT (ch- changed, cr- created, mv- moved)

« Specification Method

Dialog menu: Link/Library Tab Category: [List] Contents: Show symbol

Command line: list [=<file name>]
show symbol

<*.map file>

* % % Q)tions * % %

*** Error information ***
*** Mapping List ***

***x Synpbol List ***

SECTION=
FILE= START END SIZE
SYMBOL (1) ADDR (2) SIZE INFO COUNTS (3) OPT
SECTION=P
FILE=C:\Hew-exe\Hew3_SHV 9\bin\bin\Debug\bin.obj
00000800 00000821 22
_main
00000800 6 func ,g * | ch
_abort
00000806 4 func ,g * | ch
_comoptl
0000080a 18 func ,g * | cr ch

*** Delete Synbols ***
*** Variable Accessible with Abs8 ***
*** Variable Accessible with Absl6 ***

*** Function Call ***
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9.2.2 Symbol Reference Count

e Description

The optimizing linkage editor can output static symbol reference count in addition to linkage map information, by

specifying additional sub-options.

(1) symbol reference count -COUNTS

* Specification Method

Dialog menu: Link/Library Tab Category: [List] Contents: Show reference

Command line: list [=<file name>]
Show reference

<* map file>
* % % Q)tions * % %

*** Error information ***
*** Mapping List ***

**% Symbol List ***

SECTION=

FILE= START END
SYMBOL ADDR SIZE INFO

SECTION=P

FILE=C:\Hew-exe\Hew3_SHV 9\bin\bin\Debug\bin.obj

00000800 00000821

_main

00000800 6 func
_abort

00000806 4  func
_comoptl

0000080a 18 func

*** Del ete Synbols ***
*** Variable Accessible with Abs8 ***
*** Variable Accessible with Absl6 ***

*** Function Call ***

SIZE

9

9

9

(1) COUNTS OPT

22

ch

ch

cr ch
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9.2.3 Cross-Reference | nformation
e Description

The optimizing linkage editor can output cross-reference information in addition to linkage map information, by
specifying additional sub-options. Cross-reference information makes it possible to search where a global symbal is
referenced.

Local symbols and static symbols are not output.
* Specification Method
Dialog menu: Link/Library Tab Category: [List] Contents: Show crossreference

Command line: list [=<file name>]
Show xreference

<* map file>
*** (Cross Reference List ***

No Unit Nane d obal . Synbol Location External Information

(1) (2) (3) (4) (5)
0001 testl
SECTI ON=P
_main
00000100
SECTI ON=B
_sl1
00007000 0001(0000011a: P)
_sl2
00007004 0001(0000010e: P)
_ret
00007008 0001(00000128: P)
SECTI ON=D
0002 test2
SECTI ON=P
_funcl
0000015c¢ 0001(00000124: P)
_func2
00000164 0001(0000013c: P)
_func3

00000170 0001(00000150: P)

 Description of Each Item

(1) Unit number, which is an identification number in object units, displayed in External Information (5).

(2) Object name, which specifies the input order at linkage.

(3) Symbol name output in ascending order for every section.

(4) Symbol allocation address, which is arelative value from the beginning of the section when relocatable format is
specified for output file format (form=relocate).

(5) Address from which an external symbol is referenced.
Output format: <Unit number> (<address or offset in section>:<section name>)
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e Remarks

Thisoption isvalid for the Optimizing Linkage Editor Ver.9.0 or later.
9.3 Effective Options

9.31 Output to Unused Area
 Description
The optimizing linkage editor can output any data to unused area.

Thisisuseful for ROM transfer, and thisis useful to detect an abnormal interrupt by executing unused area with no data,
when program hangs.

A 1-, 2-, or 4-byte valueis valid for output data size. If an odd number of digits are specified, the upper digits are extended
with 0 to use it as an even number of digits.

The maximum size of output datais 4-byte. If avalue over 4-byte is specified, the lower 4-byte is used.
This option isavailable only when output file is S-typefile, Binary or HEX.
« Specification Method

Dialog menu: Link/Library Tab Category: [Output] Show entriesfor :
Specify valuefilled in unused area

Command line: space [=<numerical value>]
e Examples
(1) Dividefile and specify the range to fill unused area with data by

Link/Library Tab Category: [Output] Show entriesfor : Divided output files
-output=" C:\bin\Debug\a.bin" =00-OFFFF

(2) Specify thefilling data by

Link/Library Tab Category: [Output] Show entriesfor : Specify valuefilled in unused area
-space=FF

The example of the following page <Specify valuefilled in unused area [H'FF]> shows how unused areaisfilled with
data.
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e Examples of Stype Files
Asthe following examples, OxFF records are added to the unused areas in the range of data existing.
If this option is not specified, the records in the range of data not existing are not output.

If this option is specified, OxFF records are added to the area in the range of data not existing, according to the output
range specification in the output option Divided output files.

<NOT Specify valuefilled in unused area>

SO0E0DO0062696E2020202020606F 74C8
5107000000000400F 4
3107001400000414CH
5107001C0000041CEG
510700200000041ERE
310700240000042080
S107002800000422 A4
S107002C0000042444
51070040000004268E
310700440000042588
5107004530000042482
5107004C0000042G70
510700500000042E76
310700540000043070

Range of Data
Existing

11308901 F3045ECTAD000000BCETADIO00008D2D7
1130840401801006004010060050100600640064D
511306B06C4ABREADBOGIFD445F61FA045E40120F 4
S10908COB0TREDT2E470A8
S10FO08CEON000E0A0N000EDEONFFE4ZA4D
S10B0GDZ00FFEOOOONFFE4ZAZE
S107068DAOOFFEDDAZD
S10FOBDETA00000ABBADDOO0Z00CE47080
59030400F 8

[

<Specify value filled in unused area [H'FF]>

SO0EOO00G2GYREZ0202020206D6F 7408
5107000000000400F 4
S1130004FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFS
S10700140000041ACH

S1070018FFFFFFFFES

S107001C0000041CRBE

510700200000041EBE

510700240000042080

S107002800000422 44

S107002C0000042444
S1130030FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFCE
51070040000004268E

510700440000042588

310700480000042482

Range of Data
Existing

Range of Data
NOT Existing

13FF8AFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFT3
13FFOAFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFB3
13FFAAFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFS3
13FFBAFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF43
13FFCAFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF33
13FFDAFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF23
S113FFEAFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFI3
S108FFFAFFFFFFFFFFFFO3

53030400F8

31
51
51
31
51
51
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e Examples of Binary Files
Asthe following examples, the unused areas in the range of data existing are changed from 0x00 to OxFF.
If this option is not specified, the records in the range of data not existing are not output.

If this option is specified, OxFF records are added to the area in the range of data not existing, according to the output
range specification in the output option Divided output files.

<NOT Specify valuefilled in unused area>

000100
000110
000120
no01a0
oao14n0
0a0150
000180
000170
000180
000180
0001a0
0001b0
00010
0001d0
00010

0003a0
0003b0
00030
00030
00030

00 00 00
00 00 00
00 00 00
0000 00
0000 04
00 00 04
00 00 04
00 00 Q0
00 00 Q0
00 00 00
00 00 04
00 00 04
00 00 00
00 00 00
00 00 00

00 00 00
00 00 00
00 00 00

00 00
00 00
00 00

40 18 01 00
6C 44 88 EA
5D 76 €D 72
E4 24 00 FF
00 04 6B A0

60 04
0B 06
54 70
E0 00
00 00

0100

00 00
00 FF
20 0C

=
=
=

00 00
00 00
00 00

00 00 00
00 00 00
00 00 00
0000 0o
04 72 00
04 7800
04 82 00
00 Q0 00
00 Q0 00
00 00 00
04 84 00
04 92 00
00 00 00
00 00 00
00 00 00

oo oo oo
oo oo oo
oo oo oo
onog oo
000474 oonepe..rt
0004 7C .v..xz ]
00 04 84 b
oo o0 oo
oo o0 oo
oo og oo
0o 04 80
oo oo oo
oo oo oo
oo oo oo
oo oo oo

Range of Data
Existing

<Specify value filled in unused area [H'FF]>

00ffed
00t1d0
00ffed
nofi40
010000

FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF
00 00 04 BE 00 00 04 70
00 00 04 76 00 00 04 78
00 00 04 7E 00 00 04 80
FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF
00 00 04 86 00 00 D4 88
00 00 04 8E 00 00 04 90
FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF

FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF

FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF
00 00 04 72 00 00 04 74
00 00 04 74 00 00 04 7C
00 00 04 82 00 00 04 84
FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF
00 00 04 84 0D 00 04 8C
00 00 04 92 FF FF FF FF
FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF

Range of Data
Existing

Range of Data

FF FF FF FF FF FF FF FF NOT Existing

FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF
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» Examples of HEX Files
Asthe following examples, OxFF records are added to the unused areas in the range of data existing.
If this option is not specified, the records in the range of data not existing are not output.

If this option is specified, OxFF records are added to the areain the range of data not existing, according to the output
range specification in the output option Divided output files.

<NOT Specify valuefilled in unused area>

:0400000000000400F 8
:0400140000000414CH
:04001C000000041GC0
:040020000000041EB4
:040024000000042084
:0400230000000422AE
:04002C000000042 448
:040040000000042642
:04004400000004288C
:0400430000000424886
:04004C000000042C80

Range of Data
Existing

:0C0BCEOO00000EDA0D0ONNNEDEDOFFE42AR1
:0808020000FFEOOONOFFE42432
:0408DA0000FFEOOAST
:0C0BDEOOTA00000ABEBADDOOOZ00CE47090
:00000001FF

:0400000300000400F 5

<Specify value filled in unused area [H'FF]>

:0400000000000400F8
:10000400FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFC
:040014000000041ACH
:04001800FFFFFFFFES
:04001c000000041CC0
:040020000000041EBA
:040024000000042064
:04002300000004224E
:04002C000000042 448
:10003000FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFDO
:040040000000042682

Range of Data
Existing

:FFFCFS00FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFI
:FFFDF 400FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFI
:FFFEF300FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFI
:0EFFF200FFFFFFFFFFFFFFFFFFFFFFFFFFFFOF
:00000001FF

:0400000300000400F5

Range of Data
NOT Existing

¢ Remarks

Thisoption isvalid for the optimizing linkage editor Ver.8 or later.
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9.3.2 End Code of STypeFile
e Description

By specifying this option, the end code can be always S9.

In some type of ROM writer, run time error may occur during input to ROM writer, when the end code of S-typefileisnot
S9 record.

Thisis because end codeis S7 or S8, if the entry address exceeds 0x10000.

« Specification Method

Dialog menu: Link/Library Tab Category: [Other] Miscellaneous options:
Always output S9 record at the end

Command line; s9
e Remarks

For details of Stypefile, please refer to section 19.1.1, S-Type File Format, in the H8S,H8/300 Series C/C++ Compiler,
Assembler, Optimizing Linkage Editor User’s Manual.

9.3.3 Debug Information Compression

 Description

By specifying this option, the loading time is reduced when loading files to debugger.
But on the contrary, the link time is increased.

« Specification Method

Dialog menu: Link/Library Tab Category: [Other] Miscellaneous options:
Compress debug information

Command line: compress
uncompress

¢ Remarks

Thisoption isvalid only when output file is absolute file.
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9.34 Link Time Reduction
e Description

When this option is specified, the linkage editor loads the necessary information at linkage in smaller units to reduce the
memory occupancy.

Asaresult, the link time may be reduced.

Try this option when processing is slow because alarge project is linked and the memory size occupied by the linkage
editor exceeds the available memory in the machine used.

* Specification Method

Dialog menu: Link/Library Tab Category: [Other] Miscellaneous options:
Low memory use during linkage

Command line: memory={high | low}

e Examples

The following example is the comparison of the link time when this option is specified or not.
At the following case, the link timeis reduced by 34 %.

<Measurement Conditions>

e 1,000files

e 100 symbols per each file

1,000 function symbols

» Specifies the same options, except this option

<memory=high>
111 seconds

<memory=Ilow>
73 seconds

e Remarks

Thisoption isvalid for the optimizing linkage editor Ver.8 or later.
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9.35 Notification of Unreferenced Symbol
e Description
When project islarge, it is difficult to find the externally defined symbol which is defined but not referenced.

When this option is specified, the external symbol which is not referenced can be notified through an output message at
linkage.

To output a notification message, the message option* must also be specified.

Note: * Link/Library Tab Category: [Output] [ Show entries for :] [Output messages] Repressed information level
messages :

* Specification Method

Dialog menu: Link/Library Tab Category: [Output] [Show entriesfor :] [Output messages]
Notify unused symbol

Command line: msg_unused

e Output Message

L0400 (1) Unused symbol “file’-*symbol”
The symbol hamed symbol in fileis not used.
e Remarks

(1) Thisoption isvalid for the optimizing linkage editor VVer.9 or later.

(2) In any of the following cases, references are not correctly analyzed so that information shown by output messages will
beincorrect.

* —goptimizeisnot specified at assembly and there are branches to the same section within the samefile.
e There arereferences to constant symbols within the samefile.
» There are branches to immediate subordinate functions when optimization is specified at compilation.
e Optimization is specified at linkage and constants are unified.
9.3.6 Reduce Empty Areas of Boundary Alignment

« Description

When this option is specified, the empty areas, which are generated as the boundary alignment of sections for each object
file, arefilled at linkage.

As aresult, the unnecessary empty areas generated by boundary alignment arefilled, reducing the size of the data sections
asawhole.

This option affects constant area (C section), initialized data area (D section), and uninitialized data area (B section).
* Specification Method

Dialog menu: Link/Library Tab Category: [Output] [Show entriesfor :]
Reduce empty areas of boundary alignment

Command line: data_stuff
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e Examples

The following example shows how empty areas of boundary alignment are reduced.

(filel.c)
short sl
char c1;

(file2.c)
char c2;

<When data_stuff is not specified>

When data_stuff is not specified, one byte empty area of boundary alignment is generated between filel.c and file2.c,
because boundary alignment value is 2 for H8 CPU specification.

In this example, if the size of the top data which islinked next is one byte, there is no need of this boundary alignment.
But the top data of the next file is 2 bytes or more, boundary alignment at the end of thisfile (filel.c) should be performed.
Asaresult, data alignment and data size are

s1(2 bytes) + c1(1 byte) + empty area(1 byte) + c2(1 byte) = 5 bytes

0000
sl

0002
cl empty area

0004
c2

<When data_stuff is specified>

When data_stuff is specified, empty area of boundary alignment is not generated, if the size of the top datawhich is
linked next is one byte as this example.

Asaresult, data alignment and data size are
s1(2 bytes) + c1(1 byte) + c2(1 byte) = 4 bytes
Here, the data size isreduced to 4 bytes.

Asthis program example, empty areas generated as the boundary alignment of sections arefilled at linkage. However, the
order of data allocation is not changed.

0000
sl

0002
cl c2
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e Remarks

(1) Thisoption isvalid for the optimizing linkage editor \VVer.8.00.06 or later.
(2) The function of this option is not applicable to object files generated by the assembler.
(3) Specification of thisoption isinvalid in any of the following cases:
< library or object is specified as output format of the optimizing linkage editor
» absoluteis specified asinput format of the optimizing linkage editor
* memory=low is specified
» optimization at linkage (optimize) is specified
(4) Optimization will not be applied in the linkage of arelocatable file that was generated with this option specified.

94 Optimize Options

94.1 Optimization at Linkage
e Description
Compiler outputs the supplement information to each module when generating object files.

According to this supplement information, the optimizing linkage editor performs the inter-module optimization which is
impossible at compile and links.

Asaresult, both ROM size and execution speed are improved.
* Specification Method
Dialog menu: Link/Library Tab Category: [Optimize] Optimizeitems

Command line: optimize=<suboption>
<suboption> is described in sections 9.4.2 to 9.4.9.

The following specification for supplement information is necessary at compile/assemble, even if optimization at linkage
is specified. Without the following specification, optimization at linkage is not available.

* Specification Method for Supplement Information
Dialog menu: C/C++ Tab Category: [Optimize] Generatefilefor inter-module optimization
Dialog menu: Assembly Tab Category: [Object] Generatefilefor inter-module optimization

Command line: goptimize
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e Inter-Module Optimization Flow

C—
CIC++ l- Assembly
Program - Program

v v

Specify for
Supplement

Compiler Assembler Information
Object Object
Files Files
Optimizing Specify

Optimize

Linkage Editor _
Options

Optimized
Load Module

9.4.2 Unifies Constants/Strings

Size | (@) | Speed ‘ - ‘

 Description

The same value constants and the same strings having the const attribute are unified across the modules.
This option deletes const section to improve Size.

Speed is not changed.

* Specification Method

Dialog menu: Link/Library Tab Category: [Optimize] Optimizeitems
Unify strings

Command line: optimize=string_unify
* Examples of the sane value constants
The const long variables “cl1, cl2” which have the same constant value are unified to one constant.

This reduces ROM size by 4 bytes.
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(filel.c)

#i ncl ude <machi ne. h>
const |ong cl 1=100
voi d mai n(voi d)

voi d func01(l ong)

(file2.c)
#i ncl ude <machi ne. h>

const [ong cl 2=100; |oCD

voi d mai n(voi d)
voi d func02(l ong)

| ong g_nex; voi d func03(I ong)

voi d mai n(voi d) extern | ong g_max

{
func0l(cl 1+1); voi d funcO02(long c_litr)
func02(cl 1+2); {
func03(cl 1+3); func03(cl 2+c_litr)

} nop();

voi d funcO1l(long c_litr) }

{ voi d func03(long c_litr)
g_max = c_litr++; {

} g_max = c_litr

}

¢ Remarks

Thisoption isvalid only for object files generated by C/C++ Compiler. Object files generated by Assembler are not
optimized.

9.4.3 Eliminates Unr eferenced Variables/Functions

Size | (0] | Speed ‘ - ‘

e Description

Variables/functions which are never referred are deleted. When specifying this optimization, an entry function should be
specified. Without an entry function specification, this optimization is not performed.

Thisis because CPU jumps from vector table to entry function, and the optimization of entry functions or the functions
whose address is before entry functions changes the jump address.

« Specification Method

Dialog menu: Link/Library Tab Category: [Optimize] Optimizeitems
Eliminate dead code

Command line: optimize=symbol_delete

« Specification Method for Entry Functions

Dialog menu: Link/Library Tab Category: [Input] Use entry point
Command line: entry=<symbol name> | <address>

When specify symbol name, add an underscore () at the head of the name.

Example: main ->_main

Rev.3.00 2005.09.12 9-20
REJO5B0464-0300
RENESAS



Section 9 Optimizing Linkage Editor

e Examples of eliminates unrefer enced variables/functions

Variable g_max2 and function func03 which are never referred are deleted.

(filel.c) (file2.c)
voi d mai n(void); voi d func01(l ong);
extern void func0l(l ong); voi d func02(l ong);
extern void func02(l ong); voi d func03(l ong);
char g_c1; Deleted extern |l ong g_maxl,;
| ong g_max1, g_max2; Nel® void func0l(long I1)
voi d mai n(voi d) {
{ g_mxl =11 %4;
g_max1l = Ox7FFFF; }
func0l(g_maxl % 3); void func02(long I1)
func02(g_max1 / 3); {
} g_maxl = (11 << 1);
} Deleted
void func03(long |1) oOO
{
g_maxl += (11 * (11 / 2));
}

The char type variable g_c1 is never referred, but is not deleted.

Thisis because H8 is 2-byte boundary alignment, and if g_c1l is deleted, the address of next variable is not multiples of
two.

The access for the odd address symbol occurs an address error because of the CPU specification (except H8SX).

[ If 1-byte variable is deleted]

0x01
0x00 0x00
g_cl Unused Area Unused Area

0x02 0x02

,,,,,,,,,,,,,,,,,,,,,,,,,,,, g_MaxL g_max1l
0x06 0x06

,,,,,,,,,,,,,,,,,,,,,,,,,,,, g_Max2 e g_max2

Unused Area

If optimization is performed, 4-byte variable g_max1 is accessed by address 0xO1.
e Remarks

Thisoption isvalid only for object files generated by C/C++ Compiler. Object files generated by Assembler are not
optimized.
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944 Uses Short Absolute Addressing M ode

Size | (0] | Speed ‘ (0] ‘

e Description

If an area accessible in the 8- or 16-hit absolute addressing mode has space, frequently accessed variables are allocated,
and the access codes of the variable are optimized by this specification.

The optimizing linkage editor automatically allocates these variables to the section which is automatically generated.
Compiler has similar function, but the optimizing linkage editor can automatically allocate the section.

Asthe short absolute addressing area differs depending on CPU types, the address of ROM or RAM should be specified
by cpu option.

* Specification Method

Dialog menu: Link/Library Tab Category: [Optimize] Optimizeitems
Use short addressing

Command line: optimize=variable _access
« Specification Method for cpu option
Diadlog menu: Link/Library Tab Category: [Verify]

Command line: cpu=<memory type>=<address range> or
: cpu=<cpu information file name>
: <memory type> : {ROm | RAM | XROm | XRAmM | YROm | YRAmM}
: <address range>:< start address>-<end address>

e Examples of this Optimization

char type variableg_cl isalocated to ABS8B_OPT 1 section, and short type variableg_s1,g_s? are alocated to
ABS16B_OPT1 section.

So both size efficiency and execution speed of the access codes to these variables are improved.

#i ncl ude <machi ne. h> voi d mai n(voi d)
void init(void); {
voi d mai n(void); g_sl =7,
short funcOl(short); g_s2 = 8;
char g_c1; g_cl = 10;
short g_s1,g_s2; g_sl =
func01(g_sl+g_s2+g_cl);
void init(void) nop();
{
mai n() ; short funcO0l(short p_s1)
sl eep(); {
} short wk = ++p_s1;
return wk;
}
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* Examples of Optimized Access Codes
In the following example, which isin H8S/2600 advanced mode,
ROM Size: 40 bytesto 30 bytes

Execution Speed: 41 cyclesto 36 cycles

(Option NOT Specified) (Option Specified)

_main: _main:

MOV. W #7, RO MOV. W #7, RO

MOV. W RO, @g_s1: 32 MOV. W RO, @g_s1: 16
MOV. B #8, ROL MOV. B #8, ROL

MOV. W RO, @g_s2: 32 MOV. W RO, @g_s2: 16
MOV. B #10, ROL MOV. B #10, ROL

MOV. B ROL, @g_c1: 32 MOV. B ROL, @g_c1:8
MOV. B #25, ROL MOV. B #25, ROL

BSR _func01: 8 BSR _func01:8
MOV. W RO, @g_s1: 32 MOV. W RO, @g_s1: 16
NOP NOP

RTS RTS

¢ Remarks

(1) For more details of short absolute addressing area, please refer to section 5.4.11, Using 8-Bit Absolute Address Area
and, section 5.4.12, Using 16-Bit Absolute Address Area.

(2) Thisoption isvalid for object files generated by C/C++ Compiler or Assembler.

9.4.5 Optimizes Register Save/Restore Codes

‘ Size | (@) | Speed ‘ (0] ‘

 Description

The relationships between function calls are analyzed and redundant register save/restore codes are deleted with this
specification. In addition, depending on the register state before and after the function call, the register numbers to be used
are modified.

* Specification Method

Dialog menu: Link/Library Tab Category: [Optimize] Optimizeitems
Reallocateregisters

Command line: optimize=register
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* Examples of Optimizesregister save/restor e codes

Function main calls function func01, and funcO1 calls func02.

(filel.c)

voi d main();

extern void funcOl(long *,long *,long *,long *);
long g_11,9_12,9_13,9_14;

voi d nain()

{

g l1=1;

g l2=2;

g3 =3;

14 = 4

funcOl(&g_l1,&g_12,&_|3, &y_| 4);

}
(file2.c)

extern long g_l1,9 12,9 13,9_I4;
extern void funcO2(long *,long *,long *,long *);
voi d func01(long *I _pl,long *I_p2,long *I _p3,long *|_p4)

{
g l2=2;
g 12 +=*| _p1;
func02(&g_11,&3 12,&9 13,&g_14);
}
(file3.c)

extern long g_l1,9 12,9 13,9_I4;
void funcO02(long *I _pl,long *I _p2,long *I _p3,long *I_p4)
{
g_| 1++;
*| _pl = g_l1;

» Examples of Codes by Optimizesregister save/restore codes
Examples of codes before and after this optimization are as follows.

Due to the addition of register save/restore codes in the parent function, register save/restore codesin the child function
are reduced.

In the following example, which isin H85/2600 advanced mode,
ROM Size: 202 bytes to 198 bytes

Execution Speed: 172 cyclesto 166 cycles
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(Before Optimization) (After Optimization)
save/restore ER2-ER3 (2 registers) savelrestore ER2-ER4 (3 registers)
_main: _main:
STM L (ER2- ER3), @ SP ST™M (ER2-ER3), @ SP
SUB. L ERO, ERO PUSH. L ER4
MOV. B #1, ROL SUB.L  ERO, ERO
MOV. L ERO, @g_| 1: 32 MOV. B #1:8, ROL
SUB. L ER1, ERL MV.L  ERO, @g_I 1: 32
: SUB.L  ERL, ERL
MOV. L #_9_13,ER :
PUSH. L ER2 MOV.L  #h' 00f 00004: 32, ERL
MOV. L #_9_12,ERL MOV.L  #h' 00f 00000: 32, ERO
MOV. L # 9_11, ERO BSR _func01: 8
JSR @func01: 24 ADDS #4, SP
ADDS. L #4, SP ADDS #4, SP
ADDS. L #4, SP POP.L ER4
LDM L @P+, ( ER2- ER3) LDM @P+, (ER2- ER3)
RTS RTS
save/restore ER2-ER3 (2 reqister s) save/restore ER2 (1 register)
_funco1: _funco1:
STM L (ER2- ER3), @ SP PUSH.L ER2
MOV. L #.9_12,ERL MOV.L  #_g_|2 ERL
MOV. L #_9_l1,ERO MOV.L #_g_l1,ERO
JSR @func02: 24 BSR _func02: 8
ADDS. L #4, SP ADDS  #4,SP
ADDS. L #4, SP ADDS  #4,SP
LDM L @P+, ( ER2- ER3) POP.L ER2
RTS RTS
save/restore ER2 (1 register) NO save/restore (O register)
_func02: _func02:
PUSH. L ER2 MOV.L  #_g_|1,ERL
MOV. L #_9_l1,ERL MOV.L @Rl ER2
MOV. L @R1, ER2 INC.L #1,ER2
INC. L #1, ER2 MOV.L  ER2, @R1
MOV. L ER2, @R1 MOV.L  ER2, @RO
MOV. L ER2, @RO RTS
POP. L ER2
RTS

¢ Remarks

Thisoption isvalid only for object files generated by C/C++ Compiler. Object files generated by Assembler are not
optimized.
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9.4.6 Unifies Common Codes

Size | (0] | Speed ‘ - ‘

e Description

Multiple strings representing the same instruction are unified into a subroutine and the code size is reduced with this
specification.

This optimization increases the overhead of function call and decreases execution speed, so should be careful.
The minimum code size for the optimization with the same-code unification can be specified.

When inline expansion of functionsis specified at compile, this optimization is not performed, as execution speed is
decreased.

* Specification Method

Dialog menu: Link/Library Tab Category: [Optimize] Optimizeitems
Eliminate same code

Command line: optimize=same_code

« Specification Method for Unification Size

Dialog menu: Link/Library Tab Category: [Optimize] Eliminated size
Command line: samesize=<size>

e Examples: C Source Programs

Function func00 and func01 have the same lines of expressions.

(filel.c)

voi d mai n(void);

voi d func00(void);

long g 11,9 12,9.13,9 14,9 15;
voi d mai n(voi d)

{

func00();
func01();
}
voi d funcO0(voi d)
{
g_l1l=1;
g l2 =3
g |3 =5;
g_l4 =17,
g |5 =09
}
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(file2.c)

voi d func01l(void);

extern long g 11,9.12,9g13,9_14,9_I5;
voi d func0l1l(void)

{
g ll=1;
g l2 =3
g_l3 =5
g l4 =17
g |5 =09;
}

e Examples: Codes

Examples of codes before and after this optimization are as follows.

Common codes are unified into a new function _com_opt1, which is called from the original positions.
In the following example, which isin H8S/2600 advanced mode,

ROM Size: 114 bytesto 66 bytes
Execution Speed: 91 cyclesto 108 cycles

(Before Optimization) (After Optimization)
(filel.c) (filel.c)
_main: _main:
BSR _func00: 8 BSR _func00: 8
JW  @funcol: 24 BRA “funcol:8 New
_funcoo: _funcoo: Function
SUB. L ERO, ERO BSR _comoptl:8
MOV. B #1, ROL RTS
MOV.L  ERO, @g_l 1:32 _com opt 1: oT
MOV. B #3, ROL SUB. L ERO, ERO ©
MV.L ER0, @g_| 2: 32 MOV. B #1:8, ROL
M. B  #5, ROL MW.L ERO, @g_|1:32
MW.L ER0, @g_| 3: 32 MV.B  #3:8, ROL
? MWV.B #7, ROL MV.L ER0, @g_| 2: 32
MW.L ERO, @g_| 4: 32 M. B  #5:8, ROL
Ol mov.B  #9, ROL MW.L ER0, @g_| 3: 32
MOV. L ERO, @g 15:32 MOV. B #7:8, ROL
RTS MW.L ERO, @g_| 4: 32
MOV. B #9: 8, ROL
MV.L ER0, @g_|5: 32
RTS
(file2.c) (file2.c)
_funcO1l: _funcO1l:
Q SUB.L _ ERO, ERO BSR _comopt1:8
) MOV. B #1, ROL RTS
MOV.L ERO, @g_|1:32
< MOV.B #3, ROL
MV.L ERO, @g_| 2: 32
MOV. B #5, ROL
MV.L ERO, @g_| 3: 32
MOV. B #7, ROL
MV.L ERO, @g_| 4: 32
MOV. B #9, ROL
MV.L ERO, @g |5:32
RTS
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e Remarks

Thisoption isvalid only for object files generated by C/C++ Compiler. Object files generated by Assembler are not
optimized.

9.4.7 UsesIndirect Addressing Mode

Size | (0] | Speed ‘ - ‘

e Description

If the indirect memory access space has space area, the addresses of functions frequently accessed are assigned to
INDIRECT_OPT section, which isautomatically allocated to the indirect memory access space.

Asthe functions are accessed in the indirect memory format, size efficiency isimproved.
Because thisareais also used by the vector table, should be careful.

ROM address should be specified by cpu option.

« Specification Method

Dialog menu: Link/Library Tab Category: [Optimize] Optimizeitems
Useindirect call/jump

Command line: optimize=function_call
« Specification Method for cpu option
Dialog menu: Link/Library Tab Category: [Verify]

Command line: cpu=<memory type>=<address range> or
: cpu=<cpu information file name>
: <memory type> : {ROm | RAM | XROm | XRAmM | YROm | YRAmM}
: <address range>: < start address>-<end address>
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e Examples: C Source Programs

Function main calls function func01, func02, func03. Here the function funcO1 is frequently called.

(filel.c)

extern |l ong funcOl(void);
extern |l ong func02(void);
extern |l ong func03(void);
voi d mai n(void);

long g 11,9 12,9.13,9.14,9 15;
voi d mai n(voi d)

{

100;
func0l();
1000;
func02();
func03();
func0l();
func0l();

PR WNNPRP P

g_
g_
g_
g_
g_
g_
g_

(file2.c)

I ong funcOl(void);

I ong funcO2(void);

I ong funcO3(void);

extern long g_11,09 12,9 13,914,9_I5;
I ong funcOl(void)

{ return g_l 1 *= 100;
;fong func02(voi d)

{ return g_l 2 /= 100;
I}ong func03(voi d)

{ return g_| 2 % 4;

}

e Examples: Codes
Examples of codes before and after this optimization are as follows.
Function funcO1 frequently called is accessed in the indirect memory format.
In the following example, which isin H8S/2600 advanced mode,

ROM Size: 288 bytesto 274 bytes

Execution Speed: 491 cyclesto 485 cycles

RENESAS
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(Before Optimization)

(After Optimization)

_main _main:
PUSH. L ER6 PUSH L ER6
MOV. L # g |1, ER6 MWV.L # g |1, ER6
SUB. L ERO, ERO SUB.L  ERO, ERO
MOV. B #100, ROL MOV. B #100, ROL
MOV. L ERO, @ER6 MOV. L ERO, @ER6
JSR @ func01: 24 JSR @ $i nd_opt 1: 8
NOV. L ERO, @R6 MOV.L  ERO, @R6 Oo
MOV. L #1000, ERO MOV. L #1000, ERO
MOV. L ERO, @g_I 2: 32 MOV.L  ERO, @g_| 2: 32
JSR @func02: 24 BSR _func02: 8 Indirect
MOV. L ERO, @g_| 2: 32 MWV.L ERO, @g_| 2:32
JSR @func03: 24 BSR _func03: 8 Memory
MOV. L ERO, @g_I 3: 32 MOV.L  ERO, @g_I 3: 32
JSR @func0l: 24 JSR @@ $i nd_opt 1: 8
MOV. L ERO, @ER6 MOV.L  ERO, GER6
JSR @func01: 24 JSR @ $ind_opt1l:8 ©
MOV. L ERO, @ER6 MOV. L ERO, @ER6
POP. L ER6 POP.L ER6
RTS RTS

_funcO1: _funcO1:
MOV. L @g_l1:32,ERO MOV.L @g_|1:32,ERO
SUB. L ER1, ER1L SUB. L ER1, ER1L
MOV. B #100, R1L MOV. B #100: 8, R1L
JSR @MILL$3: 24 BSR $MULL$3: 8
MOV. L ERO, @g_| 1: 32 MWV.L ERO, @g_| 1:32
RTS RTS

_func02: _func02:
MOV. L @g_|2:32, ERO MWV.L @g_| 2:32, ERO
SUB. L ER1, ERL SUB. L ER1, ERL
MOV. B #100, R1L MOV. B #100, R1L
JSR @Dl VL$3: 24 BSR $DI VL$3: 8
MOV. L ERO, @g_| 2: 32 MWV.L ERO, @g_| 2:32
RTS RTS

_func03: _func03:
MOV. L @g_|2:32, ERO MWV.L @g_| 2:32, ERO
SUB. L ER1, ERL SUB.L ER1, ERL
MOV. B #4, R1L MOV. B #4, R1L
JSR @Dl VL$3: 24 BSR $DI VL$3: 8
MOV. L ER1, @g_| 2: 32 MOV.L ERLl, @g_| 2: 32
MOV. L ER1, ERO MOV. L ER1, ERO
RTS RTS

¢ Remarks

(1) For more details of indirect memory access space, please refer to section 5.4.13, Using Indirect Memory Format, and
section 5.4.14, Using Extended Indirect Memory Format.

(2) Thisoption isvalid for object files generated by C/C++ Compiler or Assembler.
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9.4.8 Optimizes Branch Instructions

Size | (0] | Speed ‘ (0] ‘

e Description

C/C++ Compiler calls functions by the absolute addressing mode (JSR), when access functions in other files, and when
access over the address range* which can be accessed by the PC relative addressing mode (BSR).

Asthe optimizing linkage editor performs optimization at linkage, it can recal culate the branch range of which the branch
destination isin other file.

The branch instruction can be changed to the PC relative addressing mode (BSR), if possible.

Though the original branch range exceeds the address range which can be accessed by the PC relative addressing mode,
the branch instruction can be also changed to BSR, if the branch range is reduced by other optimization.

If any other optimization item is executed, this optimization is always performed regardless of whether it is specified or
not.

Note: * The address range which can be accessed by the PC relative addressing mode: —126 to 128 bytes

« Specification Method

Dialog menu: Link/Library Tab Category: [Optimize] Optimizeitems
Optimize branches

Command line: optimize=branch
e Examples: C Source Programs

Function main calls function funcO1 in other file.

(filel.c)

#i ncl ude <machi ne. h>

extern |l ong funcO1(l ong, | ong);
voi d nmai n(void);

long g_I1,g_12;

voi d mai n(voi d)

g_ |1 = 100;

g_l 2 = 200;

g |1 ="func0l(g_I1,g_I2);
}
(file2.c)

I ong funcO1(l ong, | ong);
long funcOl(long |1,10ong I2)

{
}

return 11 +12;
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e Examples: Codes

Examples of codes before and after this optimization are as follows.

Function funcOl in other file is called by BSR.

In the following example, which isin H8S/2600 advanced mode,
ROM Size: 52 bytesto 50 bytes

Execution Speed: 46 cyclesto 45 cycles

(Before Optimization) (After Optimization)

_main: _main:
PUSH.L ER6 PUSH.L ER6
MV.L #.g_|1, ER6 MV.L #.g_|1,ER6
SUB.L  ERO, ERO SUB.L  ERO, ERO
MOV. B #100, ROL MOV. B #100: 8, ROL
MOV. L ERO, @R6 MWV.L  ERO, @&R6
MOV.B  #-56, ROL M. B  #56, ROL
MV.L ERO, @g_| 2: 32 MV.L  ERO, @g_| 2: 32
MOV.L  ERO, ERL MWV.L  ERO, ERL
MOV.L  @R6, ERO MWV.L  @R6, ERO
JSR @func01: 24 BSR _func01:8
MOV.L  ERO, @R6 MWV.L  ERO, @&R6
POP. L ER6 POP.|  ER6
RTS RTS

_func01 _funcO1l:
ADD.L  ERL, ERO ADD.L  ERL, ERO
RTS RTS

e Remarks

Thisoption isvalid for object files generated by C/C++ Compiler or Assembler.

9.4.9 Shortensthe Addressing Mode

Size | (@) | Speed ‘ - ‘

* Description

The optimizing linkage editor replaces an instruction with a smaller-size instruction, when the code size of the
displacement or immediate value can be reduced.

Ascompileis performed for each file, the distance between the address of the instruction which refers avariable and the
address of the variable define is unknown.

Asthe address of instruction and variable is determined at linkage, the distance between them can be calculated, and this
optimization can be performed.
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« Specification Method

Dialog menu: Link/Library Tab Category: [Optimize] Optimizeitems

Use short disp/imm
Command line: optimize=short_format

e Examples: C Source Programs

The following example shows substitution for array, and the address of variables is stored to variables.

(filel.c)

short strl[4];
short str2[4];
voi d mai n(void);

voi d func02(void);
char g_c1;

voi d mai n(voi d)

{

int i;

{
strifi]
str2[i]

}
funcOl(i - 1);
func02();
}

{
strl[si]

str2[si]

s1;

voi d func02(voi d)
{

}

voi d func01l(short);

unsi gned |long g_I1;

for (i =0;i < 4;i++)

i+
i *

1;
2;

voi d funcO01l(short s1)

sl+4;

g_l1 = (unsigned | ong) &g cl;

e Examples: Codes

Examples of codes before and after this optimization are as follows.

32-hit accesses are changed to 16-/8-bit access respectively.

In the following example, which isin H8SX advanced mode,

ROM Size: 80 bytesto 68 bytes

Execution Speed: 96 cyclesto 96 cycles

RENESAS

Rev.3.00 2005.09.12 9-33
REJO05B0464-0300



Section 9 Optimizing Linkage Editor

(Before Optimization) (After Optimization)
_main: _main:
SUB.W R1, Rl SUB.W R1, Rl
L36: L36:
MOV. W R1, RO MOV. W R1, RO
I NC. W #1, RO INC.W #1,R0
MV. W RO, @_stri1:32, R1. W MOV. W RO, @h' 0044: 16, R1. W
MOV. W R1, RO MOV. W R1, RO
SHLL. W RO SHLL. W RO
MV. W RO, @_str2:32,RL.W MOV. W RO, @h' 004c: 16, R1. W
INC.W #1,RL INC.W #1,RL
CWP. #4: 3, Rl CW. W #4:3, Rl
BLT L36: 8 BLT L36
DEC. W #1, Rl DEC. W #1, Rl
MV. W R1, RO MOV. W R1, RO
BSR _func01:8 BSR _func01:8
BSR _func02: 8 BSR _func02: 8
RTS RTS
_funcO1: _funcO1:
MOV. W RO, @ _str1:32,R0. W MOV. W RO, @_strl:16, R0O. W
MOV. W RO, EO MOV. W RO, EO
ADD. W #4: 3, EO ADD. W  #4: 3, EO
MOV. W EO, @_str2:32, R0. W MOV. W EO, @ _str2:16, R0O. W
RTS RTS
_func02: _func02:
MOV.L # g_cl:32, @g_|1:32 MOV.L # g_cl:8, @g_|1:32
RTS RTS

* Remarks

(1) Thisoption isvalid only when CPU is H8SXN, H8SXM, H8SXA or H8SXX.
(2) Thisoption isvalid for object files generated by C/C++ Compiler or Assembler.
9.4.10 Optimization Partially Disabled

 Description

When don’t want to optimize some variables or functions by the optimizing linkage editor, that variables or functions can
be specified as follows.

Disablements by the symbol name and by the address range are available.
* Disables elimination of unreferenced symbols
« Specification Method

Dialog menu: Link/Library Tab Category: [Optimize] Forbid item
Elimination of dead code

Command line: symbol_forbid=<symbol name>

» Disables unification of common codes
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« Specification Method

Dialog menu: Link/Library Tab Category: [Optimize] Forbid item
Elimination of same code

Command line: samecode_forbid=<function hame>
« Disables allocation of short absolute address areas
« Specification Method

Dialog menu: Link/Library Tab Category: [Optimize] Forbid item
Use of short addressing to

Command line: variable_forbid=<symbol name>
* Disablesindirect address calls
« Specification Method

Dialog menu: Link/Library Tab Category: [Optimize] Forbid item
Use of indirect call/jump to

Command line: function_forbid=<function name>
» Address Range wher e optimization is disabled
« Specification Method

Dialog menu: Link/Library Tab Category: [Optimize] Forbid item
Memory allocation in

Command line: absolute forbid=<address>[+size]

9.4.11  Confirm Optimization Results
e Description
Optimization results by the optimizing linkage editor can be confirmed as follows.

 Confirmation by message

When using HEW, optimization results are output by not checking in the following dialog.

Dialog menu: Link/Library Tab Category: [Output] Show entriesfor:
Repressed information level messages

Command line: message] =<error number>]>
: nomessage

RENESAS
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» Example of message output

The following example shows that a new function has been created by the unification of common codes.

-]
-
=
-

Phase Optlinker starting
L0002 0 Symbal * com_opt!” created by optimization *same_code”
Phase Optlinker firnighed

Build Finighed
0 Errarz, 0 Warnings

mBuild ;{.Debug }1. Find in Filaz }-.. Wersion Control f

K

e Confirmation by list

Optimization results are confirmed by specifying the following options.
For more details, please refer to section 9.2.1, Symbol Information List.
Dialog menu: Link/Library Tab Category: [List] Contents: Symbol

Command line: list [=<file name>]
show symbol
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Section 10 MISRA C

101 MISRAC

10.1.1 What ISMISRA C?

MISRA C refersto the usage guidelines for the C language that were issued by the Motor Industry Software Reliability
Association (MISRA) in 1998, aswell as the C coding rules standardized by those guidelines. The C languageitself is
very useful, but suffers from some particular problems. The MISRA C guideline divides these problemsinto five types:
programmer errors, misconceptions about the language, unintended compiler operations, errors at execution, and errorsin
the compiler itself. The purpose of MISRA C isto 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 theserules, but asthisis sometimes difficult to accomplish, there is also a process to confirm and document times
when the rule conformance is not followed. Compliance to various issuesis also required separate from these rules, such
as when software metrics need to be measured.

10.1.2 Rule Examples

This subsection introduces some actual MISRA C rules. Figure 10.1 shows Rule 62, that all switch statements shall
contain afinal default clause. Thisis categorized as a programmer error. Inaswi t ch statement, if the "default” label is
misspelled as "defat”, 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;
br eak;

Figure10.1 Rule62

Figure 10.2 shows Rule 46, that the value of an expression shall be the same under any order of evaluation that the
standard permits. Thisis 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 (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 = ++H o+ i X =2 +2?x =2+ 17?
=1
func(j, ++j); func(1, 2)? func(2, 2)?

Figure10.2 Rule46
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Figure 10.3 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. Thisis categorized as an unintended compiler operation. In ANS!, 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 10.3, if the shift number when usis 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:
unsi gned short us;

us << 16; Undefined action
us >> -1 Undefined action

Figure10.3 Rule 38

Figure 10.4 shows Rule 51, that the evaluation of constant unsigned integer expressions should not lead to wrap-around.
Thisis categorized as an error at execution. When the result of an unsigned integer calculation is theoretically negative, it
isunclear whether atheoretically negative value is expected, or aresult 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 avery 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.

Figure10.4 Rule51

10.1.3 Compliance Matrix

With MISRA C, source codeis checked for compliance with all 127 rules. In addition, atable as the one shown in Table
10.1 needs to be made, showing whether or not each rule is upheld. Thisis 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 atool to adhere to rulesis of utmost importance. As not every rule can be checked
using such atool, you will need to perform avisua review to check such rules visualy.

Table10.1 Compliance Matrix

Rule number Compiler Tool 1 Tool 2 Review (visual)
1 Warning 347

2 Violation 38

3 Warning 97

4 Pass
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10.1.4 RuleViolations

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 islost when rule violations are accepted too easily. Thisis
why MISRA C states a special procedure for accepting rule violations. Such violations require avalid 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 arule that is the same as one already
accepted isviolated, 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.

10.1.5 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.

102 SQMlint

10.2.1 What IsSQMIint?

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. SQMIint can be started simply by adding
an option at compile-time, as shown in figure 10.5. It in no way affects the code generated by the compiler.

Table 10.2 lists the rules supported by SQMlint.

Renesas C
Compiler

| Preprocess |

Preprocessed
C source

v v
| C compiler | | SQMilint |

Rule violation
message

Assembly source
Figure10.5 SQMlIlint Positioning
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Table 10.2 Rules Supported by SQMIint

Rule Test Rule Test Rule Test Rule Test Rule Test Rule Test

1 @) 26 X 51 O~ 76 @) 101 O 126 O
2 27 X 52 X 77 @) 102 O 127 O
3 X 28 @) 53 @) 78 @) 103 O
4 X 29 @) 54 O* 79 @) 104 O
5 o) 30 X 55 o) 80 o) 105 O
6 X 31 @) 56 @) 81 X 106 O~
7 X 32 o) 57 o) 82 o) 107 X
8 o) 33 o) 58 o) 83 o) 108 O
9 X 34 o) 59 o) 84 o) 109 X
10 X 35 o) 60 o) 85 o) 110 o
11 X 36 @) 61 @) 86 X 111 O
12 o) 37 o) 62 o) 87 X 112 O
13 o) 38 o) 63 o) 88 X 113 O
14 @) 39 @) 64 O 89 X 114 X
15 X 40 @) 65 @) 90 X 115 O
16 X 41 X 66 X 91 X 116 X
17 o~ 42 @) 67 X 92 X 117 X
18 @) 43 @) 68 @) 93 X 118 O
19 44 @) 69 O 94 X 119 o
20 @) 45 @) 70 O~ 95 X 120 X
21 o 46 O* 71 O 96 X 121 O
22 O* 47 X 72 O* 97 X 122 O
23 X 48 @) 73 @) 98 X 123 O
24 O 49 @) 74 O 99 @) 124 O
25 X 50 @) 75 @) 100 X 125 o~
O: Testable X: Not testable *: Testable with limitations
Table10.3 Number of Rules Supported by SQMIint
Number of testable rules

Rule category (Supported by SQMlint / Total)

Required 67/93

Advisory 19/34

Total 86/127
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10.2.2 Using SQMlint

SQMint start options can be set easily from the window for setting the HEW Compile Options. Figure 10.6 shows the
dialog box for specifying HEW options, in which [MISRA C rule check] should be selected from [Category].

HB5 HEBF300 Standard Toolchain

Configurafic C/Ce+ | Assembly | Link/Libeasy | Standand Library | CPU 4| #]

| Debug =l Calegwy: |MISFAC rule check =

FESae | o s
# 2 C |;|rr.r. fie Ingpichion gl |

% [T Co+ sounce fils ] =] |
+-{_] Assembly source lile
+ | Linkage spmbol fie

AL AL AR A AL R

[ Gerwsate aport fla

Opticers: CAC+

oL ZE00A- 24 object="§CONFIGDIR\HFILELEAF] oby™
-debug -rahsl -chancpeth -raloga

[ ok ]| Ccoce

Figure 10.6 HEW Options Window
Thus, SQMIint will start at compile-time. The meaning of [Inspection Option] in thisdialog is:

e [All]: Performstesting for al rules.
* [Required]: Performs testing only for rules necessary according to the MISRA C rule.

* [Custom]: Performs testing for the rules specified by the user. Please select the rules by using the check box and the
buttons of the right-side.

10.2.3 Viewing Test Results
Test results can be output in the following three ways:

(a) Standard error output

M essages are output the same as HEW compile errors. A tag jump can be performed by double-clicking the message,
or right-clicking the message and choosing [Jump]. The source code can be easily corrected by the same operation as
the compile error.

Note that an explanation is displayed by right-clicking the message and choosing [Help].

(b) CsV file
A file format that can be read by spreadsheet software, allowing reviews to be performed more easily.

(c) SQMmerger
SQMmerger isatool for merging a C source file with CSV-formatted report file generated by SQMlint into afile that
contains C source lines and their associated report messages.

To execute SQMmerger, use the following command entry format:
sgmmerger -src <c-source-file-name> -r <report-file-name> -0 <output-file-name>
Displays both the source file and test results, as shown in figure 10.7.
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Section 10 MISRA C

1: void func(void);
2 : void func(void){
4 : LABEL:

[ M SRA(55) Conpl
5:
6 : goto LABEL,

[ M SRA(56) Conpl
7}

ain] label ('LABEL') should not be used

ain] the 'goto' statenent shall not be used

10.24  Development Procedures

Figure10.7 SQM merger

Figure 10.8 shows how to perform development using SQMIint.

Code completion

Can be corrected
quickly

Correct

Compile and
perform MISRA C

test

Investigation
necessary

List of violation areas

Unacceptable rule

Correct

violations

Review source

code

Acceptable rule
violations

Documentation

Figure10.8 Development Procedure Using SQMlint

Find errors detected by SQMlint.

10.25 Supported Compilers

Collect al compile errors. SQMIint assumes that the C source code is valid.

Correct the errors that can be easily corrected.

Create alist of the locations of rule violations that require investigation, and perform areview.
Perform corrections for rules deemed unacceptable upon review.

Document rules deemed acceptable upon review, to leave arecord.

The following compilers are supported by SQMIint:

H8C/C++ Compiler Package V.6.01 Release00 and later
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Section1l Q&A

Sectionll Q& A

This section presents answers to questions frequently asked by users.

Referenced

No Tool Name Description Section
1 C/C++ Compiler How to change character string assignment destinations 11.1.1
2 Failure to identify 1-bit data 11.1.2
3 Startup from the DOS screen 11.1.3
4 Runtime routine specifications and execution speed 11.1.4
5 H8 family object compatibility 11.1.5
6 Questions on host machine and OSes 11.1.6
7 Failure in C source-level debugging 11.1.7
8 Warning message displayed at inline expansion 11.1.8
9 Output of “function not optimized” 11.1.9
10 How to specify include files 11.1.10
11 Program coding using Japanese fonts 11.1.11
12 Output of “illegal value in operand” from the cross assembler 11.1.12
13 Deletion of large amount of codes by optimization 11.1.13
14 How to view values of local variables during debugging 11.1.14
15 Regarding optimization options 11.1.15
16 Failure to pass function parameters 11.1.16
17 Failure at bit operation in a write-only register 11.1.17
18 Notes on linking with assembly language programs 11.1.18
19 How to check coding which may cause incorrect operation 11.1.19
20 Comment coding 11.1.20
21 How to specify options for each file 11.1.21
22 How to build programs when the assembler is embedded 11.1.22
23 Output of syntax errors at linkage 11.1.23
24 C++ language specifications 11.1.24
25 How to view source programs after pre-processor expansion 11.1.25
26 How to output save/restore codes of MACH or MACL registers  11.1.26
27 The program runs correctly on the ICE but fails when installed 11.1.27

on a real chip
28 How to use C language programs developed for SH 11.1.28

microcomputers
29 How to modify global options 11.1.29
30 Optimizations that cause infinite loops 11.1.30
31 Read/write instructions for bit fields 11.1.31
32 Common invalid instruction exceptions that occur when 11.1.32

programs are run for an extended period of time
33 Failure at integer multiplication 11.1.33
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Referenced
No. Tool Name Description Section
34 Optimizing Linkage Output of “undefined external symbol” 11.2.1
35 Editor Output of “relocation size overflow” 11.2.2
36 How to run programs in RAM 11.2.3
37 Fixing symbol addresses in certain memory areas for linking 11.2.4
38 How to implement an overlay 11.2.5
39 How to specify output of undefined symbol error 11.2.6
40 Unify output forms S type file 11.2.7
41 Dividing an output file 11.2.8
42 Output file format of optimizing linkage editor 11.2.9
43 How to calculate program size (ROM, RAM) 11.2.10
44 Output of "section alignment mismatch " 11.2.11
45 Library Generator Reentrant and standard libraries 11.3.1
46 | would like to use reentrant library function in standard library 11.3.2
file
a7 There is no standard library file (H8C V4 or later) 11.3.3
48 Warning message on building standard library 11.34
49 Size of memory used as heap 11.3.5
50 How to reduce ROM size for I/O libraries 11.3.6
51 How to edit library file 11.3.7
52 HEW Failure to display dialog menu 1141
53 Linkage order of object files 11.4.2
54 Excluding a project file 11.4.3
55 Specifying the default options for project files 1144
56 Changing memory map 11.4.5
57 How to use HEW on network 11.4.6
58 Limitations on file and directory names created with HEW 11.4.7
59 Failure of Japanese font display with HEW editor of HDI 11.4.8
60 How to convert programs from HIM to HEW 1149
61 | want to use an old compiler (tool chain) in the latest HEW 11.4.10

11.1 C/C++ Compiler

11.1.1  How to Change Character String Assignment Destinations

Question

How can | modify attributes of the section to which character strings and data are assigned?
Answer

Although character strings are normally assigned to the constants area, they can be assigned to the initialization area by the
following operation:

Rev.3.00 2005.09.12 11-2
REJ05B0464-0300
RENESAS



Section1l Q&A

(1) Modifieswith an option

A character string can be assigned to the D section with the following option.

[ Specification method]

Dialog menu: C/C++Tab Category: [Object], change Store string data in: to Data section
Command line: string=data

(2) Redtrictsthe storage areafor the character string asfollows:

char *strl1="ABC : Character string ABC to C section
char str2[4] ="ABC’; I
Character string ABC to D section

The results are as follows:

. SECTI ON D, DATA, ALI G\=2

_strl:

. DATA. L L2
_str2:

. SDATAZ " ABC'

. SECTI ON C, DATA, ALl G\=2
L2:

. SDATAZ " ABC'

(3) Dataassigned to the constants area are assigned to the initialization area with the volatile specification.

Example:

const int a=1;

The volatile option is specified.

(Not specified) (Specified)
. SECTI ON C, DATA, ALI G\=2 . SECTI ON D, DATA, ALl GN=2
_a: _a:
. DATA. W H 0001 . DATA. W H 0001

[ Specification method]

Dialog menu: C/C++ Tab Category: [Other],
Avoid optimizing exter nal symbolstreating them asvolatile

Command line; volatile

11.1.2  Failureto Identify 1-bit Data
Question

When a 1-bit datais compared with “1”, abranch operation sometimes fails, why is this?
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Answer

Make sure that the data is not declared as a signed variable (int, short, char).

If 1-bit datais declared in abit field as a signed variable, the 1-bit dataitself isinterpreted as the sign.
Therefore, only the values“0” and “-1” can be represented.

Torepresent “0” and “1” , the data should be declared as unsigned.

(Example that always gives false results) (Example that gives correct results)

struct { struct {
char p7:1; unsi gned char p7:1;
char p6:1; unsi gned char p6: 1;
char p5:1; unsi gned char p5:1;
char p4:1; unsi gned char p4:1;
char p3:1; unsi gned char p3:1;
char p2:1; unsi gned char p2:1;
char pl:1; unsi gned char pl:1;
char pO0:1; unsi gned char pO0: 1;

}s1; }si;

if(sl. p0==1){ if(sl. p0==1){
sl. p1=0; sl. p1=0;

} }

11.1.3  Startup from DOS Screen

Question

How can | start the H8S, H8/300C/C++ compiler system in the PC version from the DOS screen using a command?
Answer

To start the compiler from the DOS window, set the following environment:

(1) Setting the PATH
Set the PATH option to the place where the tool to be used is located.
Example: If the tool to be used is C:\Hew2\Tools\Hitachi\H8\5_0_1\bin
c:\ > PATH=9PATHY C. \ Hew2\ Tool s\ Hitachi\H8\5 0 1\ bi n (RET)
This should be added to an existing PATH.

(2) Setting CH38
This indicates the location of the system include file used by the compiler.
Example: If the system include file islocated in C:\Hew2\Tools\Hitachi\H8\5_0_1\include
c:\> set CH38=C:\ Hew2E\ Tool s\ Hi tachi\H8\5_0_1\i ncl ude (RET)

(3) Setting CH38TMP
Set the intermediate file directory for files generated by the compiler.
Example: If the intermediate file directory is C:\temp,
c:\> set CH38TMP=C:\temp

If thisis not specified, intermediate files are created in the current directory. Usually, this specification is not required;
however, sometimesit is necessary such as when the disk space in the current directory isinsufficient.
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(4) Setting H38CPU

Specify the CPU/operation mode.
Example: To specify a CPU/operation mode 2600a:24,
c:\> set H38CPU=2600a:24

This designation can also be specified in acompiler option. If this specification differs from a compiler option, the

compiler option takes priority.

Remarks

If the message “insufficient areafor environment variables’ is displayed at the compiler startup with this environmental
specification, modify the settings as follows:

Open “DOS Prompt Properties’.

M5-D05 Prompt Properties |

Generall F'ru:ugraml Fant temary | SDreenl iz I

— Conventional memony

[ritial

erviranment; I.-'i‘-.uh:u - I

Total:

[ Protected

— Expanded [EMS] memony

Total: I.-’-'-.utu:u - I

— Estended [#MS] memory

Total: I.-’-'-.utu:u - I

¥ Uszes HMa

—k5-005 protected-mode [D PRI memany

Total: I.-’-'-.utu:u - I

] I Cancel Sppl

Increase theinitial allocation size for the [Conventional memory] environment variable. A value of 1024 or greater is

recommended.

After making this change, re-open the DOS prompt.

11.1.4 Runtime Routine Specifications and Execution Speed

Question

Tell me about the speed of the runtime routines provided by the compiler.

RENESAS
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Answer

Thefollowing isalist of runtime routine speeds speeds when using internal ROM and RAM. The options for creating a
library are default specifications:

List of Runtime Routine Speeds (1)

No. Type Function Name 300 300HN 300HA 2000N 2000A H8sxn H8sxa HB8sxx
1 Add $ADDD$3 1002 746 480 206 208 175 175 175
2_ $ADDF$3 426 216 174 102 104 87 87 87
3 $ADDL$3 76 - - - - - - .

4 Subtract $SUBD$3 1212 618 626 268 272 240 226 226
5— $SUBF$3 448 224 228 106 108 91 91 91
6 $SUBLS$3 76 - - - - - - -

7  Multiply $MULD$3 1886 984 992 606 610 539 539 539
8— $MULF$3 702 388 392 220 222 192 192 192
9_ $MULI$3 102 - - - - - - -
F $MULLS$3 304 130 134 95 88 - - -
T $MULXSB$3 60 - - - - - - -
F $MULXSW$S3 168 - - - - - - R
F $MULXUWS3 148 - - - - - - -
14 $CMLIS3 142 - - - - - - .
15 Divide $DIVC$3 82 - - - - - - -
16 $DIVD$3 7304 2544 356 1236 1238 1248 1248 1248
F $DIVF$3 1688 1176 1180 551 553 649 649 649
18 $DIVI$3 262 - - - - - - .
F $DIVL$3 1068 154 162 95 99 91 91 91
F $DIVUI$3 208 - - - - - - R
21 $DIVUL$3 1038 100 108 68 70 91 91 91
? $DIVUX$3 936 - - - - - - R
F $DIVXSB$3 80 - - - - - - -
? $DIVXSW$3 188 - - - - - - R
? $DIVXUWS3 158 - - - - - - -
26 $CDVCS3 132 - i i i i j .
F $CDVI$3 310 - - - - - - R
28 $CDVUIS3 258 - - - - - - .
29 Remainder $MODL$3 254 - - - - - - -
F $MODUL$3 224 - - - - - - -
? $CMDC$3 132 - - - - - - R
? $CMDI$3 310 - - - - - - R
33 $CMDUI$3 256 - - - - - - .
34 Post $POID$3 1164 624 542 278 283 - - -
35 Increment $POIF$3 476 - - - - - - -
? $POIL$3 102 - - - - - - R
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List of Runtime Routine Speeds (2)

No. Type Function Name 300 300HN 300HA 2000N 2000A H8sxn H8sxa H8sxx
37 Post $PODD$3 1114 604 618 268 273 - - -
? Decrement $PODF$3 490 - - - - - - -
39 $PODL$3 08 - - - - - - -
40 Pre $PRID$3 1112 572 498 254 267 229 228 228
41 Increment $PRIF$3 448 314 292 123 127 101 99 99
42 $PRIL$3 56 - - - - - - -
43 Pre $PRDD$3 1066 556 578 246 259 216 212 212
44 Decrement $PRDF$3 466 326 342 131 135 108 106 106
45 $PRDL$3 56 - - - - - - -
46 Logic operations $ANDL$3 78 - - - - - - -
47 $NEGD$3 74 76 80 38 40 20 20 20
48 SNEGF$3 50 - - - - - - -
49 SNEGLS$3 76 - - - - - - -
50 $ORL$3 78 - - - - - - -
51 $XORLS$3 78 - - - - - - -
52 Block $MV4$3 48 - - - - - - -
53 Transfer SMV8$3 72 72 76 36 38 17 17 17
54 SMVN$3 170 296 328 138 146 64 71 71
55 $mv3mm $ - - - 30 32 - - -
56 $mvamrs - - - 28 30 - - -
57 $mv3rms - - - 17 19 - - -
58 $mvamms$ - - - 36 38 - - -
59 $mvimrs - - - 31 33 - - -
60 $mvarms - - - 20 22 - - -
61 Set bit field $BFINCS3 102 9 100 47 49 - - -
62 $BFINCR$3 94 88 92 43 45 - - -
63 $BFINI$3 256 180 184 71 73 35 35 35
64 $BFINIR$3 248 156 160 67 69 31 31 31
65 $BFINL$3 820 346 350 135 137 45 45 45
66 $BFINLR$3 - 330 334 127 129 39 39 39
67 Reference bit $BFSC$3 78 78 82 38 40 - - -
‘g feld $BFSIS$3 196 168 172 67 69 34 34 34
69 $BFSL$3 578 270 270 122 124 37 37 37
70 $BFUCS3 68 68 72 33 35 - - -
71 $BFUIS3 168 144 148 55 57 - - -
72 $BFUL$3 546 236 240 105 107 - - -
73 Compare $CMPD$3 230 226 218 101 97 66 62 62
74 $CMPF$3 178 90 94 45 47 36 36 36
75 $CMPL$3 94 - - - - - - -
76 $EQDS$3 254 250 246 113 111 87 73 73

Rev.3.00 2005.09.12 11-7
REJ05B0464-0300
RENESAS



Section1l Q&A

List of Runtime Routine Speeds (3)

No. Type Function Name 300 300HN 300HA 2000N 2000A H8sxn H8sxa H8sxx
77 Compare SEQF$3 202 114 122 57 61 49 47 47
78 $GED$3 264 250 256 118 116 91 77 77
79 $GEF$3 202 114 122 57 61 49 47 47
80 $GTD$3 262 250 254 117 115 90 76 76
81 $GTF$3 202 114 122 57 61 49 47 47
82 $LED$3 264 250 266 123 121 93 79 79
83 $LEFS$3 212 114 122 57 61 49 47 47
84 SLTD$3 264 250 266 123 121 93 79 79
85 SLTF$3 212 115 122 57 61 49 47 47
86 $SNED$3 250 252 248 114 112 78 75 75
87 $NEF$3 204 116 124 58 62 47 47 47
88 Convert $CTOLS$3 60 - - - - - - -
89 $DTOF$3 316 238 242 110 112 87 87 87
90 $DTOI$3 508 - - - - - - -
91 $DTOL$3 464 290 294 100 102 105 105 105
92 $FTOD$3 178 144 148 62 64 56 56 56
93 $FTOI$3 608 - - - - - - -
94 SFTOL$3 564 338 342 150 152 188 188 188
95 $ITOD$3 176 152 156 74 76 82 84 84
96 $ITOF$3 164 124 128 62 64 80 80 80
97 $ITOL$3 44 - - - - - - -
98 $LTODS$3 366 244 256 126 128 150 150 150
99 $LTOF$3 334 224 23 116 118 151 151 151
100 $ULTODS$3 180 84 124 54 56 55 51 51
101 SULTOF$3 150 22 104 50 52 47 47 47
102 $UTODS$3 114 62 94 43 45 38 36 36
103 SUTOF$3 80 22 52 21 23 25 25 25
104 Left-shift $DSLCS$3 70 70 84 31 37 - - -
105 $DSLI$3 82 78 92 35 41 - - -
106 $DSLL$3 - 08 112 45 51 - - -
107 $SLC$3 - - - 23 25 - - -
108 $SLIS3 62 - - 26 28 - - -
109 $SLLS3 118 - - 29 31 - - -
110 Right-shift $DSRC$3 70 70 84 31 37 - - -
111 $DSRI$3 88 78 92 35 41 - - -
112 $DSRL$3 - 98 112 45 51 - - -
113 $DSRUCS3 70 70 84 31 37 - - -
114 $DSRUI$3 88 78 92 35 39 - - -
115 $DSRULS$3 - 08 112 45 51 - - -
116 $SRC$3 - - - 18 25 23 18 19
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List of Runtime Routine Speeds (4)

No. Type Function Name 300 300HN 300HA 2000N 2000A H8sxn H8sxa H8sxx
117 Right-shift $SRI$3 68 - - 28 28 17 17 17
118 $SRL$3 110 - - 29 31 18 18 18
119 $SRUCS3 - - - 23 25 - - -
120 $SRUIS3 68 - - 26 28 - - -
121 $SRUL$3 110 - - 29 31 - - -
122 Register $fp_regld$3 52 70 80 - - - - -
‘103 savelrestore g7 i43g3 46 60 70 - - - - -
124 $fp_regsv$3 52 70 80 - - - - -
125 $fp_rgsv3s$3 46 60 70 - - - - -
126 $sp_regld$3 58 80 90 - - - - -
127 $sp_rgld3$3 52 70 90 - ; - - ;
128 $sp_regsv$3 58 80 90 - - - - -
129 $sp_rgsv3$3 52 70 90 - - - - -
130 $spregld2$3 50 66 70 - - - - -
131 $sprgld23$3 40 56 60 - - - - -
132 Other $SWIS3 124 - - - - - - -
Remarks

Measurements are from entry into the runtime routine until exit.

11.1.5 H8Family Object Compatibility
Question

Are there any problems with linking an object compiled with the compile options "-cpu=300" (or 300h, 2000, 2600,
h8sx)?

Answer

In essence the H8 CPUs are upward-compatible, so that an H8/300 object and an H8S/2000 object can be linked and then
executed on the H8S/2000. This means that previous resources can continue to be used without modification.

H8SX objects
/ H8S/2600 objects \
/ H8S/2000 objects — \

H8/300H objects

%
- ),

Object Compatibility
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11.1.6  Questionson Host Machines and OSes

Question

How can | identify the version of host machine and the OS where the compiler is operated?
Answer

The operating environment is shown below:

H8S,H8/300 C/C++ compiler Package

Host Machine (O Disk Space
IBM-PC/AT Series Windows98/Me/2000/XP/NT 4.0 Approx. 120 MB
HP9000 HP-UX 10.2 Approx. 30 MB
Sun SPARC Japanese Solaris2.5 or higher Approx. 30 MB

Online manuals are a so supplied.
The operating environment for the online manuals are as follows:

e A personal computer installing a Pentium® processor

¢ Microsoft Windows®98, Windows®/ME, or Microsoft WindowsNT®4.0, Microsoft Windows®2000, Windows®XP
e A CD-ROM drive with double speed or faster

« Available disk space: approximately 15MB

Online manuals can be referenced under Windows®98, Windows®ME, Windows NT®4.0, Windows®2000, or
Windows® XP.

Pentium® is aregistered trademark of (U.S.) Intel Corporation.
Windows® and Microsoft® are registered trademarks of Microsoft Corporation in the U.S. and other countries.

11.1.7 Failurein C Source-Level Debugging
Question

The output of debugging information is specified at compilation, debugging at the C source level cannot be performed.
Why isthis?

Answer
Check the following items:
(1) Isthedebugging information specified to be output at compiling for each inter-module optimization step?

The object-output formats and ways to output debugging information differ depending on debuggers. The following table
lists examples of available debuggers and the relationship between output objects and debugging information:
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Debug Information Debug Information Output
Available Debugger Object Format Output Format
3rd party ELF/DWARF 2 support ELF/DWARF2 debug In load module
debugger
3rd party ELF/DWARF support ELF debug In load module
debugger
Hitachi Integration Manager (Ver.4 or SYSROFPLUS sdebug Debug information file
higher) +E7000
Hitachi Integration Manager (Ver.3 or SYSROF debug Debug information file
higher) +E7000
Hitachi Debugging Interface (Ver.2 or SYSROF debug In load module
higher) +E6000
Hitachi Debugging Interface (Ver.3 or ELF sdebug Debug information file

higher) +E6000
Note: If a program is written in the C++ language, the object should be output in the ELF format.

(2) Hasthe directory containing the source program for compiling been specified to be changed?

Debugging information is stored with the information of the directory location of the source program. Therefore, if the
directory in which the source program for compiling is located is changed, the source program cannot be modified. Some
debuggers support a feature that allows the user to specify the source program directory.

When relocating a directory, be sure to also move the dwfinf directory.

The dwfinf directory may be required at debugging because it contains inter-modul e optimization add-on information
files.

(3) Areyou debugging afileto which the C sourcefile is output in assembly language?
If thisisthe case, specify the output of debugging information both at compilation and assembly.

Then, step execution and external variable reference can be performed at the C source level.

Answer 2
When -code=asm is specified, debugging cannot be performed at the C source level.
If you use an inline assembler, specify -code=asm.

To perform debugging at the C source level for aproject using an inline assembler, specify -code=asm only for files for
which the inline assembler is used.

Remarks

For detailed information on debugging at the C source level, refer to the H8S, H8/300 Series Simulator/Debugger User’'s
Manual.
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11.1.8 Warning Message Displayed at I nline Expansion
Question

At theinline expansion of afunction, the warning message ” Function <“function name’> in #pragmainline is not
expanded” isdisplayed. Why isthis?

Answer
This warning message does not affect the program execution.
In the following cases, however, the inline expansion is not performed:

« A function is defined before the #pragma inline specification.

e The function has variable parameters.

» Parameter addresses are referenced in the function.

« A function call is made through the address of the function to be expanded.
» For the second or after condition/logical operators.

#pragma inline (A B)

int A(int a)
if (a>10) return 1;
el se return O;
}
int B(int a)

if (a<25) return 1;
el se return O;

voi d main()

int a;
if (A(a)==1 && B(a)==1) < A() is inline-expanded, but not B().
{

The function specified in #pragma inline and the function specified in the function specifier inline (C++ language) are
inline-expanded to the location where they are called.
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11.19 Output of " Function not optimized"
Question

The warning message “Function not optimized” is displayed. Previously, the same program was compiled without any
problem using the same compile options and under the same system environment. Why isit?

Answer

This warning message does not affect the program execution.
The message may be output by any of the following reasons:
(1) Compiler limitations were exceeded.

Because the compiler generates new internal variables at optimization processing, the limitation may be exceeded. In this
case, divide the function in question.

(2) Insufficient memory

When memory isinsufficient during optimization processing, the H8S, H8/300 C/C++ compiler stops optimization in the
expression unit or greater and outputs this warning message while continuing to compile. In this case, the optimization
level achieved is no different from that without the optimization option. To prevent this warning message, rewrite large
functions in the C/C++ program to be divided. Additionally, increase the amount of memory available to the compiler.

11.1.10 How to Specify Include Files

Question

(1) How can | specify an include file in another directory?

(2) How can | provide include specification to an existent file?
Answer

These can be specified with the compiler functions.

The following gives the description:

(1) The compiler option to specify the include file in the specified directory has been prepared
[Specification method ]
Dialog menu: C/C++ Tab Category: [Source] Show entriesfor:, Includefile directories
Command line: include

(2) Thisoption specifiesafile as an include file even if the fileis not included in the sourcefile.
[Specification method ]
Dialog menu: C/C++ Tab Category: [Source]Show entriesfor:, Preincludefiles
Command line: preinclude
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11.1.11 Program Coding Using Japanese Fonts

Question

Isit possible to code character strings and comments in a program in Japanese?
Answer

Y es, you can code in Japanese. However, the Japanese environment differs according to the host machine. The Japanese
environment for each host machineislisted below

Host Machine Japanese Code
PC Shift JIS code
HP9000 Shift JIS code
SPARC EUC code

For example, when afile created on a SPARC machine is compiled on a PC, the way the compiler recognizes Japanese
should be modified using an option.

The following command options are available:

Command Option Description

sjis Selects shift JIS codes.
euc Selects EUC codes.
latinl Selects Latin 1 codes.

In the outcode option, you can specify the Japanese code to be output to the object program. The outcode=gjis option
outputs the Japanese codes in the shift-JI'S code. Similarly, the outcode=euc option outputs the Japanese codesin the EUC
codes.
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On the HEW, code in the “ User defined options” on the “Other” tab when specifying the object program output codes for
the Japanese environment. Y ou can specify these options in the same way as you would specify in acommand line.

<HEW1.2>

Source I Ohject I Li=t I Optimize Dther IOF‘U I

Miscellanecus options

& lovw comment nest ﬂ

[|Check against ECH+ language specification

[ |iGenerate browser information
[Interrupt handler saves restores MACH and MACL registeilll
2

1 |

Uszer defined options :

TEuc _IA

—outcode=z]is

" o

Ok I Cancel I

<HEW2.0 or later>

=[]
Caonfiguratian : GG | Assembly | Linkf'Libraryl Standard Libraryl GRLU | Sim;l_'l
| SimDebug_HES-26004 =l Catezory [other =
E‘@ Aill Loaded Frojects Miscellaneous options :
EI@ zample

B0 G source file [ 1&low comment nest i!

|:| Cor+ source file [ICheck against EC++ laneuage specification

D Bezembly source tile [(hterrupt handler saves/restores MACH and MAGL registers |

-0 Linkage symbol file 1] | _>|_I

Uszer defined options :

el -
—outcode=gjiz

Cptione GG+
—cpu=2600/4:24 —object="$ICONFIGDIFM¥$FILELEAF.ob/" ﬂ

—debue -lizt="$ICONFIGDIRMS (FILELEAF ! Ist” —show=tab=4
—zpeed=regizter switch zhift ztruct expression, loop=2 inline

[0]4 I Cancel I
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11.1.12 Output of "Illegal Valuein Operand" from the Cross Assembler
Question

When afile output with the assembly source by the compiler is assembled by the Cross Assembler, the message " llegal
value in operand” isdisplayed. Why isit?

Answer

Be sure that the Assembly embedding is not performed with the #pragma asm and #pragma endasm or #pragma
inline_asm.

In this case, the branch width containing assembler-intrinsic code is output in a 16-hit displacement, and this message is
output because the actual branch width exceeds that range. To solve the problem, modify the assembly language program
output by the compiler using the JIMP instruction to reach the branch range.

Example
To modify the program as follows:

<Results of Assembly expansion>

_sub:

MOV. L # a: 32, ERO

MOV. L @RO, ERL

I NC. L #1, ERL

MOV. L ER1, @RO

RTS
_main:

MOV. L # a: 32, ERl

MOV. L @R1, ERO

CWP. L #2: 32, ERO

BNE L8

BRA _sub

BEQ $+6: 8
ASM embedded here l > I L8

L8: BSR @sub

MOV. L @ER1, ERO

I NC. L #1, ERO

MOV. L ERO, @R1

RTS
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11.1.13 Deletion of Large Amount of Codes by Optimization

Question

Large amount of codes are deleted after the compilation. Why isit?

Answer

There are the following possibilities to cause this problem:

(1) Deleting a substitution to alocal variable

If avalueis substituted to alocal variable but is not referenced, the substitution operation itself is deleted by the

optimization.

voi d func(void)
_func:

{

PUSH. L ER6

int resl, res2,res3;
resl=dat al*dat a2;

MULXU. W EO, ERO

MOV. W RO, R6
res2=dat a2*dat a3;
res3=dat a3*dat al;

MULXU. W El, ER1
sub(resl,resl, res3);

MOV. W @datal: 32, RO
MOV. W @dat a2: 32, EO

~ Because res2 is not referenced hereatter,

NOV. W @dat al: 32, RL the expression itself is deleted.

MOV. W @dat a3: 32, E1 |

~ Coding error in the second parameter. Code
resl -> res2 to avoid deletion.

MOV. W RO, EO
JSR @sub: 24
POP. L ER6

RTS

Because alocal variableis effective as far as the end of the function, normally, unreference of alocal variable does not
occur when the value is substituted in the function. Therefore, this problem is caused by a coding error as shown in the

above example.

(2) Optimizing substitution to external variables

The following types of substitution expressions to external variables are optimized, and only the last arithmetic expression

results are reflected:

i nt

_main:

{

gl b;

voi d main()

: B:g — Code glb=0 is not generated

MOV. W #1: 16, RO
MV. W RO, @gl b: 32

RTS

If volatile is specified at a declaration of an external valuable type, the code glb=0 is generated. By specifying the volatile
option with the compiler, the volatile specification is applied to external valuablesin the entire file.

RENESAS
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11.1.14 Howto View Valuesof Local Variablesat Debugging
Question
Local variable values cannot be viewed.

| attempted to reference alocal variable with the Debugger, but the value cannot be referenced or anincorrect valueis
returned. Why isit?

Answer
There are the following possibilities to cause this problem:
(1) Constant operation at compiling

A variable whose value is determined at compiling is operated at compiling not at the run time, and then the variable itself
may disappear.

{,gf dxf unc(voi d) In this case, x=x+3 is set to “a” at compiling.
If the variable “a” is not used elsewhere, it is
;25; a not necessary to treat “a” as a variable.
X=x+a; Therefore, it is deleted as debug
} information.

void func(int a,int b)

o fgﬁ; len=sq(a*a+b*b) is set and the variable
tmp is deleted.

t np=a*a+b*b;

| en=sq(tnm);

The problem may be due to these cases, however, the actual program execution is not influenced.

(2) Deletion of unreferenced variables

i nt datal, dat a2, dat a3;
voi d func(void)

{

int resl, res2,res3;

resl=dat al*dat a2;
res2=dat a2*dat a3;
res3=dat a3*dat al;
sub(resl,resl, res3);

Because alocal variableis effective as far as the end of the function, normally, unreference of alocal variable does not
occur when the value is substituted in the function. Therefore, this problem is caused by a coding error as shown in the
above example.
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11.1.15 Regarding Optimization Options

Question

What will be changed by optimization option (speed, size)?
Answer

Generated codes are changed by specified optimization option. (Do not change Algorithm of User program by
optimization.) By optimization, optimize codes like inline expansion of afunction and loop unrolling, so the number of
times of run-time cyclesis changed. Thereby, the timing of operation is aso changed. First of all, please verify enough
about timing of operation. Moreover, optimization of variable accessis aso considered as concern matters other than the
above. The case that an instruction of data can be realized between registers without memories, and it is corresponded to
optimization of variable access, it may be said [Timing verification]. If you want [Do not want to optimize] variable,
please confirm including a necessity of an addition of volatile declaration.

11.1.16 Failureto Pass Function Parameters

Question

Parameters of functions are not passed correctly. Why isthis?
Answer

When the parameter type is not declared as a prototype, specify the same type to the calling function and the called
function in order to pass parameters correctly.

(Specification where results are not (Correct specification)
guar ant eed)

void f(char x)

void f(x)
char x; x+=10;
x+=10; voi d mai n(voi d)
voi d mai n(voi d) t char x;
{ f(x);
char x; }

f(x);

This problem can be checked by using the Display infor mation level message (message option) on C/C++tab
Category:[ Source] Messages at compilation. The output of each information message can be selected with this
specification. Whether a function is declared as a prototype or not can be checked with the (1)0200 No prototype function.

Remarks

In the above “ Specification where results are not guaranteed” example, a prototype declaration of the function f
parametersis not included. In this case, the parameter x is converted to the int type when it is called from the main
function. When no type declaration is provided by a prototype declaration of parameters, the following type conversions
occur:

* The char-type and unsigned-char types parameters are converted into int-type.
« Thefloat-type parameters are converted into double type.
* No other types are converted.
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11.1.17 Failureat Bit Operation in Write-Only Register

Question

The bit operation of awrite-only register does not produce the intended result. What can be done about it?
Answer

The compiler generates bit operation instructions for BSET, BCLR, BNOT, BST, and BIST. These instructions read data
in byte units and after performing a bit operation, write them back in byte units. On the other hand, when awrite-only
register is read, the CPU fetches undefined data regardless of the register contents. As aresult, a bit operation instruction
in awrite-only register may change values of bits other than the operated bit.

Countermeasure
Avoid performing a bit operation directly in awrite-only register.

Perform any operation after substituting a value to a 1-byte data. The following shows an example:

(I'nclude file (300x.h)) (C I anguage progran

struct S_p4ddr { #i ncl ude "300x. h"
unsi gned char p7: unsi gned char DDR;
unsi gned char p6: /1 Specify data to back up
unsi gned char p5: //wite-only register
unsi gned char p4: voi d sub(voi d)
unsi gned char p3:
unsi gned char p2:
unsi gned char pl:
unsi gned char pO:

DDR &=~PO;
PADDR. Schar =DDR,;

}

PhRERRRERR

H

union SS {
unsi gned char Schar;
struct S_p4ddr Sstr;

s

#define PADDR (*(union SS
*) Oxffffch)

#define PO Ox1

Remarks

There are various kinds of write-only registers, such as 1/O port registers or peripheral device registers. When developing a
program, confirm that the appropriate write-only registers are operated by referring to the hardware manuals supplied with
each product.
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11.1.18 Noteson Linking with Assembly L anguage Programs
Questions

(1) When an assembly language program subroutine is called from a C language program, what should | do on the
assembly language program?

(2) When a C language program subroutine is called from an assembly language program, what should | do on the
assembly language program?

Answer

(1) When can assembly language program subroutine is called from a C language program and the following listed
registers are used, save/restore registers at the entry/exit points of the function:

Number of Parameter-Passing

CPU Series Registers: 2 Number of Parameter-Passing Registers: 3
H8SX, Optimization specified: ER2 to ER6 Optimization specified: ER3 to ER6
H8S/2600, H8S/2000  Optimization not specified: ER2 to ER5  Optimization not specified: ER3 to ER5
H8/300H
H8/300 Optimization specified: R2 to R6 Optimization specified: R3 to R6

Optimization not specified: R2 to R5 Optimization not specified: R3 to R5

(2) When a C language program subroutine is called from an assembly language program, the following register values are
not guaranteed on the C language program before and after the subroutine is called. If the register isused in the
assembly language program, save it before the C language program is called:

Number of Parameter-Passing Number of Parameter-Passing Registers: 3
CPU Series Registers: 2
H8SX,H8S/2600, ERO, ER1 ERO, ER1, ER2
H8S/2000
H8/300H
H8/300 RO,R1 RO, R1, R2
Remarks

For a detailed description of linkage with an assembly language program, refer to section 9.3, Linking C/C++ Programs
and Assembly Programs, in the H8S, H8/300 Series C/C++ Compiler, Assembler, Optimizing Linkage Editor User's
Manual.
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11.1.19 How to Check Coding Which May Cause Incorrect Operation

Question

Isthere any function to check for potential problem code, such as a missing prototype declaration for a function?
Answer

When coding a program, note that there are some kinds of codes which are not errorsin language

specifications but may produce incorrect operation results. These codes can be checked by outputting information
messages using an option.

The MISRA-C check tool can be used with version 6.1 or |ater.

Exanpl e)
ch38 A -nessage A test.c (RET)

(C Il anguage progran

/* [* COMENT */ -»0001 : String “/*" in a coment
int ; -0002 : A declaration w thout a declarator
int tnp;

void func(int);
voi d mai n(voi d)

I ong a;
t np=a; -0011 : Reference to an undefined |ocal variable
func(a+l); -0006 : Function paraneter expression is converted
into the paraneter type specified in prototype
decl aration
sub(); -0200 : No prototype declaration for called function

}

Specification method

Dialog menu: C/C++tab Category: [Source] M essages, Display information level message
Command line: message

Remarks

In the dialog menu, removing the left-side checkmark from a message disables the output of the message. In the command
line, specifying an error number in a sub-option of the nomessage option disables the output of the message. Thisoption is
valid for an error number from 0001 to 0307. For details on error numbers, refer to section 12, Compiler Error Messages,
in the H8S,H8/300 Series C/C++ Compiler, Assembler, Optimizing Linkage Editor User’s Manual.

After generating information messages, the compiler performs an error recovery and generates an object program. Check
that the error recovery performed by the compiler conforms with the aims of the program.
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11.1.20 Comment Coding
Question

(1) How can | nest comments?
(2) How can | code C++ commentsin a C language program?

Answer

(1) Thereisan option that allows you to nest comments without generating an error. In this case, note that these comments
are interpreted as described below. While the nesting levels for comments in the compiler Ver.4.0 are unlimited, up to
255 nesting levels can be used for comments in the compiler Ver.3.0.

[ Specification method]
Dialog menu: C/C++ tab Category: [Other] Miscellaneous options. Allow comment nest

Command line: comment

C/C++ Source Code Nested Comments Not Allowed  Nested Comments Allowed
/* comrent */ Recognized as a comment Recognized as a comment statement
statement
[* [* coment */ */ Coding error Recognized as a comment statement
[* [* |* comrent */ Recognized as a comment Coding error
statement

(2) The C++ comment code “//” can be used. There is the following relationship between the “//” and the C comment code
(/* */). The parts that can be recognized as comments are underlined:

voi d func()

{

abc=0; [/ __I* comment */ ~ Code after // is recognized as a comment
def =1, [* comrent
ghi =2; /1 _commrent *1 ~Code enclosed in /* */is

} recognized as a comment
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11.1.21 How to Specify Optionsfor Each File

Question

How can | modify options for each file in a project on the HEW system?
Answer

The HEW system supports functions to modify and specify optionsindividually on each file with the compiler or the
Assembler.

When specifying with a compiler option, expand the directory of the C/C++ source file on the left side of the option
screen. Then, click on a specific file to set the desired options.

If an optionsis specified in the folder unit, it is effective on all the files in the specified directory.
In the following example, the speed efficiency option is specified only to the file test.c in a project:

<HEW1.2>

HEIE:.HEI,-" 200 & Ca rnpil.;-r |:::|F|ti|:|r|-_=_|:E:|EI:|I JE::]
Ea GG+ source file Source I Ohject I List Optimize |Other I
Ela © source fil= ¥ Cptimization

e dbscte

. - Speed or zize : [Size oriented optimization j
speed| sub=aptil
[T Bezicter =
[T Sttt multipl= [T Stuct assiznment
N Loop aptimization N Ezpression

T esimum nedes of imlime fumreton |1|35 3:

[T Generate file for inter-module optimization

Switch statemeant : Function call ; Data access :

I.ﬂuutc\ LI I@aa j I@aa j
(0]4 I Cancel| |

1] |

Select test.c from the left side of the screen and select Speed oriented optimization from Speed or size: on the Optimize
tab.
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<HEW?2.0 or |later>

35.H2,300 Standard Toaolchain
Configuration : GG+ ITu:u:qu:hain Ciption |
IDehug ;I Category |0|:|timize ;I
E@ Al Loaded Projects W Optimization
EI@ test
Ea C source file Speed or size ISize oriented optimization ;l
dbsctc - SEEEEI Sub—gp SR |:||: S
intpre.c - oriented optimization
respetprgc vlReeister ° j j Aute =1
_ [elSwitch judezment Function call
= [wlzhift to multiple I@aa ;I
D Default Optians [WlStruct azsignment LI Data access :
-] G++ zource file Inlime: tunction : IDefauIt vl I@aa lI
-] Assembly source file )
; =l | nodels)
-] Linkage symbol file i) A=
[~ Generate file for inter-module optimization
Options GAGH: :
—cpu=2000M -object="${CONFIGOIF#F (FILELEAF) obj” —debue ;l
—nolizt —chgincpath -lane=c -naologa _I

(0]4 I Cancel I

Select test.c from the left side of the screen and select Speed oriented optimization from C/C++ Tab Category:
[Optimize] Speed or size:.
11.1.22 How to Build ProgramsWhen the Assembler is Embedded

Question

A warning message is output at compiling when the assembler intrinsic is performed using #pragma asm and #pragma
endasm or #pragmainline_asm.

Answer
Assembler embedded files should be output in the Assembly language and then be assembl ed.

To build afile on the HEW, specify the file containing the Assembler embedding to the Assembly output referring to the
procedure described in section 11.1.21, How to Specify Options for Each File. When built in this manner, the file that has
been Assembly output will automatically be assembled.

In the following example, the file test.c containing an Assembly embedding is specified:
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<HEW1.2>

HES.HS/300 < Co mpiler Options ||:I.-|:|u|=_r|
=- ‘Eﬂ G+ source file Source Dhject | Li=t I Cptimize I Cither I
‘E_ﬂ C zource file o il : - -
P . dbect Qutput file type @ [Machine code Gobj) ll
chrk o | Machine cu:u:le (* obj)

¥ Generate debug infor i¥EEs zode [
F‘reprncessed source file G, p.-'r* pp)

. resetprg.c

Section :
I D Default Optio IF‘rngram =action (P LI IP
=8 'ﬁ C+H+ zource file
------ D Default Optia
Store string data i : |Const section ;I

Wuld Div cperation specification

|Based on ANSI(Guarantes 16bit a5 a result of 16bitk16bit) ]
Cutput directory

Id:¥hewde mo¥test¥test¥Debug Modify.. |
(8] 4 I Cancel |

Select Assembly source code (*.src) from Output file type: on the Object tab.

Files are built normally with this specification. Note that this specification disables C source debugging.

<HEW?2.0 or later>

| Standard Toalchain
Configuration : GG+ ITn:n:nIchain Ciption |
IDebug ll Category : IOhject ;I
E-J@ All Loaded Projects Dutput file type :
B- I@ test — T —
= a ¢ source file IMachlne code .obj) _I
T late:
Azzembly source code arc Sllleis
Preproceszed source file tp/%pp) I'c"'-"t':' LI
|Frogram section (F) =] Store sirine data in :
IP IGDnst zection ;I
] Defau|t Options Mul/Div operation specification :
- I:l C++ zource file IBased on AMSIGuarantee 16bit as a result of 16bit*1Ghit) ;l
-] Assembly source file Output directory :

-2 Linkage symbol file |$(OONFIGDIR)¥ Modify. . |

Optiong GACHE :
—cpu=2000M -object="FCONFIGDIRS¥S (FILELEAF obj™ —debue _|

-nolist —chegincpath —lang=c -nologo

Select Assembly sour ce code (*.src) from C/C++ Tab Category: [Object] Output filetype: .

Files are built normally with this specification.
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11.1.23 Output of Syntax Errorsat Linkage

Question

The error message 202 SYNTAX ERROR is displayed with the inter-module optimizer for HEW1.2. Why isit?
Answer

Does the file name or the project name contain Japanese characters, minus symbols, or space characters?

With the compiler, the Assembler, the inter-module optimizer, the Librarian or the S-Type Converter, Japanese characters,
minus symbols, or space characters cannot be specified for afile name. For example, if a project name contains Japanese
characters, a syntax error occurs when the output destination is specified with an inter-modul e optimizer option.

Remarks

In HEW2.0 or later, programs can successfully be built without the error message displayed even if afile name or a project
name contains Japanese characters, minus symbols or space characters. However, Japanese characters, minus symbols or
space characters should not be used if possible.

11.1.24 C++ Language Specifications

Question

Are there any function supporting the development of programs in the C++ language?

Answer

The H8S,H8/300 C/C++ compiler supports the following functions to support program development in C++:;
(1) Support of EC++ classlibraries

AsEC++ classlibraries are supported, the intrinsic C++ class libraries can be used from a C++ program without any
specification.

The following four-type libraries are supported:

e Stream |/O classlibrary

e Memory manipulation library

e Complex number calculation classlibrary
e Character string manipulation class library

For details, refer to section 10.3.2, C++ Class Libraries, in the H8S,H8/300 Series C/C++ Compiler, Assembler,
Optimizing Linkage Editor User’s Manual.

(2) EC++ language specification syntax check function

Syntaxes are checked on C++ programs, based upon the EC++ language specifications, using a compiler option.

[ Specification method]

Dialog menu: C/C++ Tab Category: [Other] Miscellaneous options: Check against EC++ language specification

Command line ecpp
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(3) Other functions
The following functions are supported for efficient coding of C++ programs:
<Better C functions>

* Inline expansion of functions

e Customization of operators such as +, -,<<

« Simplification of names through the use of multiple definition functions
« Simple coding of comments

<Object-oriented functions>

¢ Classes
¢ Constructors
¢ Virtual functions

For a description of how to set the execution environment at using library functionsin a C++ program, refer to section
9.2.2(5), C/C++ library function initial settings(_INILIB), in the H8S, H8/300 Series C/C++ Compiler, Assembler,
Optimizing Linkage Editor User's Manual.

11.1.25 How to View Source Programs after Pre-Processor Expansion

Question

How can | review a program after macros are expanded?

Answer

The output of the source program expanded by the Pre-Processor is specified with the compiler option.

If the source program before expansion was a C language program, it is output with the extension <filename>.p. For a
C++ program, the extension is <filename>.pp.

In this case, no object program is created. Therefore, any optimization option specifications are not available.
Specification method
Dialog menu: C/C++ Tab Category: [Object] Output file type: Preprocessed source file (*.p/*.pp)

Command line: preprocessor
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11.1.26 How to Output Save/Restore Codesfor MACH or MACL Register
Question

How can | output the MAC register save/restore code?

Answer

The Output of save/restore codes for the MAC register is specified with a compiler option.

Values of the MAC register are always guaranteed with this specification when the MAC register is used in an interrupt
function (by using the built-in function mac or macl) or when afunction call is made within an interrupt function.

Even if this option is not specified, the MAC register save/restore codes are output whenever the MAC register isused in
an interrupt function.

Specification method

Dialog menu: C/C++ Tab Category: [Other] Miscellaneous options: I nterrupt handler savesresotresMACH and
MACL registersif used

Command line: macsave
Example
To call the function sub from an interrupt function:

(CC++ program)

extern void sub(void);
#pragma i nterrupt func
voi d func(void)

sub();

(Compiled Assembly expansion code)

Without option With option
_func: _func:

STML (ER0-ERlL), @ SP STML (ER0-ERL), @ SP
STMAC. L MACL, ER1
PUSH L ER1
STMAC. L MACH, ER1
PUSH. L ER1

JSR @sub: 24 JSR @ sub: 24
POP. L ER1L
LDVAC. L ER1, MACH
POP. L ER1
LDVAC. L ER1, MACL

LDML  @P+, ( ERO- ERL) LDM L  @P+, (ERO- ERL)

RTE RTE
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11.1.27 TheProgram Runs Correctly on the | CE but Fails When Installed on a Real Chip
Question

The program runs correctly at debugging on the ICE but fails when operated on areal chip.
Answer

If aprogram contains the initialization data area (D section), it uses emulation memory on the I CE. Therefore, read/write
operation can be performed on the ICE, however, only read operation can be performed on areal chip because memory on
areal chipis ROM. This causes the malfunction of the program execution whenever awrite operation is attempted.

Theinitialization data area should be copied from the ROM area to the RAM area at the power-on reset.

Secure an areafor each of ROM and RAM using the ROM implementation support option of the HEW2.0 or later
optimizing linkage editor and the HEW1.2 inter-modul e optimizer.

For a description of how to copy datafrom a ROM areato a RAM area, refer to section 3.3, Section Address Operators.

11.1.28 How to Use C language programs Developed for SH Microcomputers
Question

What points should | confirm when using a C language program developed for an SH microcomputer on an H8S,H8/300
microcomputer?

Answer
Be careful on the following points for the program:
(1) int-type data are treated as 2-byte data.

On the SH, int type data are treated as 4-byte data, however, on the H8S,H8/300 Series, they are treated as 2-byte data.
Confirm that there is not any problem on the range of values.

(2) Some expanded functions cannot be used.

Functions on the SH series C/C++ compiler and the H8S and H8/300 series C/C++ compiler are compatible by using the
#pragma statement, for example, however there are some differences between them in the expanded functions and
specifications.

Note that built-in functions are CPU-specific.

(3) Notes on assembler embedding

Because of differencesin architecture, the H8S,H8/300 Series cannot handle any code in which an SH series assembly
source is embedded.

Remarks

If you wish to use C source files created in the M16C devel opment environment in the H8 development environment,
Trandation Helper is available.

Thisisasupport tool to transate smoothly the all C source files created in the M16C development environment to the H8
devel opment environment.

Trandation Helper can be free downloaded from Renesas Development Environment site.
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11.1.29 How to Modify Global Options
Question

When the number of parameter-passing registers is changed, the inter-module optimizer generates an error. What causes
this problem?

Answer

The compiler option to specify the number of parameter-passing registersis aglobal option, which must be the same
specification through the project.

Therefore, if the compiler option only is modified, an error may occur.

There are two global options, that specifying the number of parameter-passing registers and that specifying the CPU type.
A global option can be modified as follows:

Example: To change the number of parameter-passing registers:

(1) Modify the compiler option

[ Specification method]

Dialog menu: CPU tab, Change number of parameter from 2 (default) to 3

Command line: regparam=3

This changes the option specification for all applicable C/C++ files.

(2) Modify the Assembler file

The registers used changes during the linkage of a C/C++ program and an Assembler file.

This requires amodification of the Assembler file.

When the number of parameter-passing registers is set to three, used registers are changed as follows:

For an H8/300 CPU: RO, R1 - RO, R1, R2
Other CPUs: ERO, ER1 - ERO, ER1, ER2

For details of the interface, refer to section 9.3.2(3), Rules concernig registers, in the H8S, H8/300 Series C/C++
Compiler, Assembler, Optimizing Linkage Editor User's Manual.

The described interface is also applicable to assembly language codes that is embedded in a C/C++ program.
(3) Change the standard library/EC++ class library to be linked

Use the inter-modul e optimizer to change the library to be linked.

Modification on the HEW1.2 is shown below:

If the previoudly linked library is c8s26a.lib, change it into c8s26a3.lib:

Rev.3.00 2005.09.12 11-31
REJ05B0464-0300
RENESAS



Section1l Q&A

H&SHE8300 Optlinker optionsDebug)

Inpurt |Output I Optimize I Section I “Werify I itk I

Input files :

| Relocatable files and object files Add...

| Library files
BB C 4 Hevt Tonls¥Hitachi¥HE%a Da 0%Iik%c8=2653 i Insert.. |

Defines :
Define | “walue | Add..
Hemowe |
¥ Use entry paint : i_main
[T Use external subcammand filz Ok Cancel

For a detailed information for global options and the related libraries, refer to table 1.1, The Relationship between
Standard Libraries and Compile Options, in the H8S, H8/300 Series C/C++ Compiler, Assembler, Optimizing Linkage
Editor User’s Manual.

In HEW2.0 or later, global options are set in common for the compiler, Assembler and Library Generation Tool and they
should not necessarily be set with the optimizing linkage editor.

(If the library in the older version isset on Link/Library Tab Category: [Input] Library files, the modification as shown
aboveis necessary.)

11.1.30 Optimizations That Cause Infinite L oops

Question

Why do infinite loops occur when | upgrade the compiler, or turn optimization on?
Answer

Infinite loops may occur due to compiler optimization, such as in the following common source, in which substitution for
a isread from the register instead of from memory, preventing the value of *d from being reflected when changed via
interrupt. This optimization is part of the compiler specification, and can be prevented by using the volatile-type specifier.
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Example
C source
int il
void f( int *d)
{
int a;
do
{
a=*d;
}whil e(a! =0);
il = a;
}
Assembler source with optimization
_f: ; function: f
. STACK =4
MOV. W @ERO, R1
L25:
MOV. W R1, R1 ; not read from nenory
BNE L25:8
MOV. W Rl, @i 1: 32
RTS

Modified C source

int i1,
void f( volatile int *d)
{
int a;
do
{
a=*d;
}whil e(a! =0);
il = a
}
Modified assembler source with optimization
_f: ; function: f
. STACK _f=4
MOV. L ERO, ER1
L25:
MOV. W @R1, ROs*e+; read from nmenory
BNE L25:8
MOV. W RO, @i 1: 32
RTS

RENESAS
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11.1.31 Read/writeInstructionsfor Bit Fields

Question

struct bit{

unsi gned short int b0 : 1;
unsi gned short int bl : 1
unsi gned short int b2 : 1
unsi gned short int b3 : 1;
unsi gned short int b4 : 1
unsi gned short int b5 : 1
unsi gned short int b6 : 1;
unsi gned short int b7 : 1
unsi gned short int b8 : 1
unsi gned short int b9 : 1;
unsi gned short int bl0 : 1
unsi gned short int bll : 1
unsi gned short int bl2 : 1;
unsi gned short int bl3 : 1
unsi gned short int bl4 : 1
unsi gned short int bl5 : 1;

}

In the above code, I'd like to define a bit field, and access the bits of a specific register for a 16 bit width, but | end up
performing access by byte and bit operation instruction. For registers that can only be accessed for 16 bits, when a byte
access or bit operation instruction is generated, | can't properly read the register value. What should | do?

Answer

Aslong as there are no particular specifications in the program, bit field members are accessed by compiler-optimized
instructions. As aresult, access may be performed by unintended instructions. Specify __ evenaccess to perform access
using the type set for the member variable.

To prevent changes to access methods and multiple accesses by the compiler, specify _ evenaccess explicitly for variables
for which you would like to prevent such changes.

C source without __evenaccess

struct bit reg;

voi d main()

{
reg. b6=1

}

Assembler source without __ evenaccess

_main: ; function: main
. STACK _mai n=4
BSET. B #1, @reg: 32
RTS
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C source with __evenaccess

__evenaccess struct bit reg

voi d main()

{
reg. b6=1;

}

Assembler source with __evenaccess

_main: ; function: main
. STACK _mai n=4
MOV. W @reg: 32, R0
BSET. B #1, ROH
MOV. W RO, @reg: 32
RTS
Remarks

For detailson __evenaccess keyword, refer to section 3.5.3, Even Byte Access Specification Features.

11.1.32 Common Invalid Instruction Exceptions That Occur When Programs Are Run for an Extended Period of
Time

Question

Once the device has been running for 10 minutes to 2 hours, acommon invalid instruction exception occurs, and areset is
necessary. |sthere some way to analyze from where the problem is occurring?

Answer

Ultimately, this means that acommon invalid instruction is occurring, but the system may lose control and cause a
common invalid instruction exception due to the following reasons. If the system loses control after an extended period of
operation, (2) isvery likely.

(1) An unintended interrupt is being performed.
(2) A stack overflow is corrupting valid RAM data.
(3) A problem exists with the board environment (such as a data conflict or memory software error).

To find the cause of the problem, perform the following and operate the device:

« Enableinstruction tracing.
e Set breakpoints for the interrupt function jumped to during the common invalid instruction exception.

Once the deviceis operating and the common invalid instruction exception occurs, processing will stop at the breakpoint
set for the interrupt function. When this occurs, analyze the status of the instruction trace, and determine the cause of the
problem.

Use the following analysis method when a stack overflow is causing the problem:
» Set read/write break access for the address immediately before the address of the start of the stack area.

Once the device is operating and an access occurs that overflows the stack, processing will stop at the breakpoint set
above. When this occurs, if the access instruction is a stack access instruction, the cause of the problem is most likely a
stack overflow.
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11.1.33 Failureat Integer Multiplication
Question
When the result of integer multiplication is assigned to the global variable of type long, the result is not the intended value.

Theresult of [20* 2000] isthis example. But [15 * 2000] produces the correct result. The integer multiplication, which
exceeds the range of short, does not produce the correct result, even though the result is assigned to the variable of type
long. Why isthis?

<Example>
long |_max;

I_'max =20 * 2000;
Answer

The compiler recognizes the integer described in constant expression as type int (2 bytes), even though the result is
assigned to the variable of type long.

Therefore, [20 * 2000] is 0x9C40 after multiplication, and is assigned to the variable of type long as OXFFFFOC40 because
of sign extension.

[15* 2000] is 0x7530, and assigned as 0x00007530 because the sign extension does not occur, which is the intended
value.

To get the intended result of multiplication, the constant expression should be postfixed by “L”, so that the compiler can
recognize the constant as type long.

<Example>
long |_max;

|_max =20L * 2000L; // constant with “L” postfixed, one postfixed isOK at least
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11.2  Optimizing Linkage Editor

11.2.1  Output of "Undefined External Symbol"
Question

The inter-modul e optimizer outputs the message " Undefined external symbol (XX X)” when the symbol XXX is not used.
Why isthis?

Answer
(1) Isacompiler-supplied standard library or an EC++ classlibrary linked?

A standard library includes both C library functions and runtime routines (operation routines that are necessary for the
execution of C language programs).

Even when the user program does not include C library functions, the compiler-generated object program sometimes may
require functions that are provided in a standard library. In such a case, the library option of the inter-modul e optimizer
should be used to specify a standard library.

For HEW1.2, the standard library/EC++ class library to be specified must be selected according to the type of CPU used,
the optimization method employed, and the number of registers to which parameters are passed asindicated in the
following table

Std. C Library EC++ Class Library

CPU/ No. of Parameter
Operation Mode -Passing Registers Size Priority Speed Priority Size Priority Speed Priority
H8/300 2 c38req.lib c38regs.lib ec2reg.lib ec2regs.lib
3 c38reg3.lib c38regs3.lib ec2reg3.lib ec2regs3.lib
H8/300H NRM 2 c38hn.lib c38hns.lib eczhn.lib ec2hns.lib
3 c38hn3.lib c38hns3.lib ec2hn3.lib ec2hns3.lib
H8/300H ADV 2 c38ha.lib c38has.lib eczha.lib ec2has.lib
3 c38ha3.lib c38has3.lib ec2ha3.lib ec2has3.lib
H8S NRM 2 c8s26n.lib c8s26ns.lib ec226n.lib ec226ns.lib
3 €8s26n3.lib €8s26ns3.lib ec226n3.lib ec226ns3.lib
H8S ADV 2 c8s26a.lib c8s26as.lib ec226a.lib ec226as.lib
3 c8s26a3.lib c8s26as3.lib ec226a3.lib ec226as3.lib
Legend:

NRM: normal mode; ADV: advanced mode

Size efficiency and speed efficiency can be specified regardless of the compiler option. However, the CPU type and the
number of parameter-passing registers should conform to the compiler option specification.

For HEW2.0 or later, check that a standard library is created by selecting Standard Library tag Category: on [Mode], Build

alibrary file(Option Changed).

RENESAS
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(2) The problem may occur because an 1/0 or memory management library is specified. In order to specify afunction
declared in the C library function stdio.h or stdlib.h, alow-level interface routine is necessary.

When creating alow-level interface routine, refer to section 9.2.2, Execution Environment Settings, in the H8S,H8/300
Series C/C++ Compiler, Assembler, Optimizing Linkage Editor User's Manual.

Also refer to the example of alow-level interface routine included in the sample program.

The following low-level interface routines are available:

Name Function

open Opens a file.

close Closes a file.

read Reads from a file.

write Writes to a file.

Iseek Sets a file read/write position.
sbrk Allocates a memory area.

11.2.2  Output of " Relocation Size Over flow"
Question

The message " Relocation size overflow” is displayed during linking with the HEW?2.0 or later optimizing linkage editor
and the HEW1.2 inter-modul e optimizer. What should | do?

Answer
First, check the linkage map.

» Arethe $ABS8 and $ABS16 sections included within the range accessible with 8-bit absolute addresses and 16-bit
absolute addresses of the CPU?

» Isthe $INDIRECT section included within the range from 0 to FF of the CPU?

Thiswarning message is displayed if data specified to be assigned to an 8-bit absolute address, a 16-bit absolute address,
or an indirect memory address with an option or #pragma operator is not assigned to the correct address.

For details on the ranges, refer to each programming manual. Check the range, and if a section is assigned out of the range,
it should be adjusted appropriately.

Confirm that assembly coding is correctly provided in those program locations where assembly codeis to be embedded.

This message is sometimes displayed when a branch width is not appropriate when an attempt is made to embed assembly
code in a C/C++ program.
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11.23 Howto Run Programsin RAM
Question
How can | alocate aprogram in fast RAM?

ROM RAM

(1)Start /V:-:-:-:-:-:-:-:-:

Answer

Y ou can use the ROM support functions of the HEW?2.0 or later optimizing linkage editor and the HEW1.2 inter-module
optimizer to copy a part of the program to be executed to the fixed addresses (determined at linking) during runtime to
execute the program in RAM.

0 VECTTBL
INTTBL
400 PRsetPRG
IntPRG
800
P
PXX
C
D Transferred during execution
ECO00 B
R
XX <
FOFO
S

This program can be installed in the project that was created in section 2 asfollows:
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First, specify the address of the program section to be transferred to be executed in RAM at startup. This processing is
added to an existing file.

#pragma section $DSEC
static const struct {

char *roms; /* Start address of the initialized data section in ROM */

char *rome; /* End address of the initialized data section in ROM */

char *rams; /* Start address of the initialized data section in RAM */
}DTBL[] = {

{__sectop("D'), __secend("D'), __sectop("R")},

/1 {__sectop("$ABS8D"), __secend("$ABS8D'), __ sectop("$ABS8R")},

Il {__sectop("$ABS16D"') , _ secend("$ABS16D') , __ sectop("$ABS16R') },
{__sectop("PXX"),__secend("PXX"), __sectop("XX")}

b

1 Set the addresses of PXX and XX sections.

#pragma section $BSEC
static const struct {

char *b_s; /* Start address of non-initialized data section */
char *b_e; /* End address of non-initialized data section */
}BTBL[] = {

{__sectop("B"), __secend("B")},
/1 {__sectop("$ABS8B"), __secend("$ABS8B")},
/1 {__sectop("$ABS16B"), __secend("$ABS16B")}

}s

With this specifications, the PXX section is copied to the XX section at startup.
Next, specify the start address of the destination section XX with the optimizing linkage editor and the
inter-modul e optimization tool.

<HEW1.2>

300 Optlinker options(Debug)

Input | Qutput | Cptimize =ection I‘\.-'erify | Other | -

| Felocatable gection start address: .. . ... .

fddress Section Al F
HOOOO0400 | FResetFRG

IntPRG  Modity. |

P

Pt - Mew Overlay |
D .

HOOOOESR0 | B |- Remave |
R .

HOOooo200

2

" [T Use external subcommand file 0] 4 | Cancel I
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<HEW?2.0 or |later>

itandard Toolchain ﬂﬂ
Gonfiguration GG+ | Assembly  Link/Library | Standard Library | GPU | Deb 4| ¥
IDehug ;I Category |Sectinn ;I
E@ All Loaded Projects Show entries for : |Section =]
E@
|:| C source tile fddress Section N fdd..
I:l Ci++ zource file 00000800 | F
I:l fizzembly source file E}‘\'}{ Modify... |
-3 Linkage symbal file
CHDSEG Mew Qwverlay |
CEESEC
8]
OR0000ESE0 | B iz
R
s = =
Import | Export | Up i,
Options LinksLibrary :
—noprelink —-rom=D=F, -nomezzaee -
—ligt="FCONFIGDIFRME PROJECTHNAME map” —nooptimize
—start=PResetPRG PNt PRG/D400,P, PHE G CIDSEC CEBSEC. DA

(0]4 I Cancel I

After that, allocate the same area as the area occupied by the source section PXX in the RAM with the ROM
implementation support option. When ROM is specified, the size of thisareais equal to that of the PXX section.

This operation of the optimizing linkage editor and the inter-modul e optimizer can be coded in a subcommand as follows:

start VECTTBL, | NTTBL(0), PRset PRG | nt PR 0400), P, C, D{ 0800) , B, R, XX( 0EC00), S...
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<HEW1.2>

00 Optlinker options (Debugs

Input  Qutput IOptimizeI Section | Werify I Other I

- Format of load module :

‘Twpe of load module :

. Debue information :° .

. ROM to RAM mapip-ed. sections -

. .. I Bhsalute

-~ |SYSROF

- IIn output load module

Fom

|Ram-

D

- |¥ Gererate map file

" Load module directory

R

.  |[C¥Hew-exe¥Hew3la¥test¥testéDebue

o Modify. |

- [T Usze external subcommand file (0] 4 | Cancel |
<HEW?2.0 or later>
tandard Toolchain ﬂil
GCorfiguration : GG+ | Assembly Link/Library | Standard Library | GPU | Deb 4| ¥
|Debug ;I Categary |Output ;I
B &1l Loaded Projects -
?@ taat . Tvpe of output file : |Stype via abzolute |
L © source file Data record header : INUne LI |None LI
G+ fil . .
8 F\ssesnfglr;.io;rece file Debug information - |In output load module =

D Linkage symbal file

Show entries for
FOM to BAM mapped zections

=l

Fom | Ram |
D R =
P M Modify... |

Bemove |

:

Options Link/Library :

~noprelink —rom=D=R.PHH=3K -nomessage
~ligt="${CONFIGLIRMS (PROJECTHNAME L map” —nooptimize
—start=PRezetPRG,PInt PRGD400, P PHH COEDSEC CEBSEC, 0/0

ok |

Cancel |
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In the subcommand, specify as follows using rom:

rom D, R) '
r om( PXX, XX)

Use the subcommand file including this code to start the optimizing linkage editor and the inter-modul e optimizer:
<HEW1.2>

% optink38 —sub=test.sub(RET) (the inter-module optimizer)

<HEW?2.0 or later>

% optink —sub=test.sub(RET) (the optimizing linkage editor)

Remarksand notes

When the above processing is performed, the warning message (1300 SECTION ATTRIBUTE MISMATCH IN ROM
OPTION/SUBCOMMAND(XX)) may be displayed by the HEW1.2 inter-modul e optimizer.

This message is displayed because a program section was specified with the __sectop and __secend operators. In this case,
this can be ignored.

Improvements with HEW?2.0 or later no longer cause the message to be displayed, normally. But when in the following
case, the warning message (L 1323 (W) Section attribute mismatch : “FXX") may be displayed like by the HEW1.2. In this
case, this can be also ignored.

(2) the program section (P) is changed to other name by the section option of the C/C++ Compiler
(2) the section of (1) is specified as the source section

11.2.4  Fixing Symbol Addressesin Certain Memory Areasfor Linking

Question

After fixing aprogram in internal ROM, | want to develop the program for external memory, and in future want to update
only the external memory program.

Answer

When fixing aprogram in internal ROM, the link command fsymbol can be used to output a definition file of externally
defined labels for the internal ROM.

A definition file is created by the assembler EQU statement, and so when creating an external memory program, thisfile
can be assembled and input to reference afixed addressin ROM.

Example of Use:

Illustrates an example in which the feature A of aproduct A is modified to the feature B, to develop the product B. Using
this, by resolving the addresses of symbolsin shared ROM, the common ROM can be used.
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Y

ROM1 | Feature A Feature B —»| & 9 3 S H» ROM4 | Feature B
< > @ 1) <

E —

oM2 | Common —_—— e e L % ROM2 | Common

ROM2 | fnctions Externally g functions
defined | g Ll
symbols

ROM3 | Common data ROMS3 [ Common data
<
FUNCA.sym

Product A Product B

Common
ROM

Example of Use of the Feature for Output of Symbol Addresses
Example of specification of externally defined symbol file output
optiInkAROM 1,ROM 2,ROM 3A-output=FUNCAA-fsymbol=sct2,sct3
The externally defined symbols sct2 and sct3 are output to afile.

Example of file output (FUNCA.sym)

; H SERI ES LI NKAGE EDI TOR GENERATED FILE  1997. 10. 10
; fsymbol = sct2, sct3

; SECTI ON NAME = sctl
.export syml

synl: .equ h' 00FF0080
.export synR

synR: .equ h' 00FF0100
; SECTI ON NAME = sct2
.export synB

syn8: .equ h' 00OFF0180

. end

Example of specification of assembly and relinking

asm38AROM4
asm38AFUNCA.sym
optiInkAROM4,FUNCA

The externally referenced symbolsin ROM4 can be resolved without linking the object files ROM2, ROM3.

Note: When using this procedure, the symbols within feature A cannot be referenced from common functions.
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11.25 How to Implement Overlay

Question

How can | assign sections that do not exist simultaneoudly to the same address?

Answer

Such an assignment can be specified using an option of the HEW?2.0 or later optimizing linkage editor and the HEW1.2

inter-modul e optimizer.
Specification method

<HEW1.2>

Send the cursor to: Section tab, Relocatable section start address: target section, to specify the New

Overlay option.

The following shows the specification screen:

300 OptLinker options(Debug)

Imput I Outputl Optimize Section |"u"erif',-' | Other |

Relocatable section start address :

HOOQOECOD | B

HOOQOF 700

Siot2
Setd
Sctd

HOOQOFSFO | = -
HOODOFFOO | RAM scif” | RAM sci2
R sl R _sctd

\/

Generate axternal symbol file :

Address Section Ot 2y 1 | _:j

Add..

Hemowve |

Madify... |
Mewve Cwerlay |
Bemaove I

[T Use external subcammand file Ok

I Cancel
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<HEW?2.0 or |later>

Send the cursor to: Lik/Library tab Category:[Section] target section, to specify the New Overlay option.

HE|
Gonfiguration - GG+ | Assembly  Link/Library | Standard Library | GPU | Sim 4| * |
IDehug ;I Category |Sectinn ;I
E@ All Loaded Projects Show entries for : |Section 4
|:| C source tile Address Section Cver|ayl A| Add.. I

I:l C++ zource file CIESEC
I:l fizzembly source file Ml:n:llfy

B D Li kage S“:."meI ile O:0000E330 =]
| |
(A E F = JJ ey OVE.'r =)0

=

Fe mm-'e

2| 4|

Impart | Export | Doy

Options LinkALibrary :
~noprelink —-rom=D=F, -nomezzaee ﬂ

—list="$CONFIGDIFRME PROJECTHNAME) map” —nooptimize
—start=PResetPRG PNt PRG/D400,P G 03 DSEG GEBSEC DADS00, |+

(0]4 I Cancel I

In the case of subcommands, use the start option:

start RAM Sct1, RAM Sct 3: RAM Sct 2, RAM Sct 4( 0FF00)

Remarksand notes
If an overlay is going to be specified on a program section, the section needs to be transferred.

Refer to section 11.2.3, How to Run Programsin RAM.
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11.26 How to Specify Output of Undefined Symbol Error
Question

How can | specify to output an error message and disable output of aload module when an undefined symbol isfound at
linking?

Answer
Undefined symbols can be checked using an option with the inter-module optimizer for HEW1.2.

When this option is specified, an error message is displayed if an undefined symbol isincluded, and the output of aload
module is disabled.

Without this specification, awarning message is displayed while aload module is generated.

Specification method

Dialog menu: Link/Library Tab Category: [Other] Miscellaneous options: Check for undefined symbols
Subcommand: udfcheck

Remarks

Undefined symbols are always checked with the optimizing linkage editor for HEW?2.0 or later and if an undefined symbol
isincluded, an error message is displayed and the output of aload moduleis disabled.

11.2.7  Unify Output Formsof S Type File

Question

I would like to unify mixed output forms S1, S2, S3 of Stypefile.

Answer

These can be output by specific datarecord (S1, S2, S3) irrespective of load address by options.

Example: optlnk test.abs -form=stype -output=test.mot -record=s2 ; All data records are output by S2.

11.2.8 Dividing an Output File

Question

I would like to divide an output file for each ROM devices into somefiles.
Answer

If specify a start address and termination address in the end of an output file name, an object of specified area can be
output. An output file name can be specified more than two.

Example: An area of Ox0-OxFFFF is output into optInk test.abs -form=stype -output=test1l. mot=0-FFFF test2.mot=10000-
1FFFF; testl.mot, an area of 0x10000-0x1FFFF is output into test2.mot.
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11.29 Output File Format of Optimizing Linkage Editor

Question

Tell me about the load module file format available to a ROM writer.
Answer

The load modules output by the optimizaton linkage editor are shown below:

* When creating aload module for a ROM writer, output it in the hexdecimal or SType format. In this case, no
debugging information is output.

* Optimization linkage editors supporting the C/C++ Compiler V4.0 or later output load modulesin the ELF/DWARF2
format at debugging. The load modules created by earlier versionsis output in either the SY SROF or ELF/DWARF1
format, and so the format should be changed with the ELF/DWARF format converter to usein the latest version.

Optimizing
Linkage editor

-

ELF/DWARF2 Hexdecimal SType
Load Load Load
module module module

. J
Y
ELF/DWARF For ROM writer
format
converter

Debugger

ELF/DWARF1

SYSROF
Load
odule

load
module

Optimizing Linkage Editor Output Load Module
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11.2.10 How to Calculate Program Size (ROM, RAM)

Question

How can | calculate the accurate size of ROM, RAM?

Answer

It can be calculated by the list file output from the Optimizing Linkage Editor.

Specification method

Dialog menu: Link/Library Tab Category: [List] Generatelist file

Command line: list=<file name>

Calculation method

When this option is specified, the following list file (*.map) can be output.

In this example, code section is PResetPRG, PINtPRG, P, C$DSEC, C$BSEC and D, therefore ROM size is 0x00000146.

RAM size is 0x00000628 by B, R and S.
(Example of list file)

*k %k Mapplng List ***

SECTION START END
PResetPRG

00000400 00000415
PINtPRG

00000416 0000048f
P

00000800 0000089d
C$DSEC

0000089e 00000829
C$BSEC

000008aa 000008b1
D

000008b2 000008b5
B

00ffe000 00ffed23
R

00ffe424 00ffed27
S

00ffedcO 0Offefbf

SIZE ALIGN
16 2
7a 2
% 2

c 2
8 2
4 2
424 2
4 2
200 2
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11.2.11 Output of " Section Alignment Mismatch"
Question

The L1322 warning message “ Section alignment mismatch” is displayed, when the section name of binary fileisreferred
by the section address operator in binary file input as follows. How can | prevent this?

[Option Specification]
binary=project.bin(BIN_SECTION)

[C/C++ Program]
void main(void)
{
unsigned char *s _ptr;
s ptr =__sectop("BIN_SECTION");

dumy(s ptr);
}

Answer

When the section address operator (__sectop, __second) is specified, the compiler generates the section, of which sizeis0
and boundary alignment value is 2, for the specified section in the code generated by compiler as follows.

In this case, because the boundary alignment value of the entity of binary section is 1 in binary section input, the L1322
warning message is displayed due to different boundary alignments with the same name.

This warning message does not affect the program execution.

To prevent this warning message, specify the boundary alignment value in binary file input by the Optimizing Linkage
Editor.

[Code: __sectop used)]
_main: ; function: main
STACK _main=4
MOV.L  #STARTOF BIN_SECTION,ERO
BRA _dumy:8
.SECTION BIN_SECTION,DATA,ALIGN=2 — Section: sizeisO0, boundary alignment valueis 2
.END

Specification example
Dialog menu: Link/Library Tab Category: [Input] Show entriesfor : Binary files

Command line: binary=project.bin(BIN_SECTION:2)
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Add hinary file

Belative to : 0] %

ICustom directory Cancel

Eull file path :

|O:¥W0rk8pace¥ FA0_2_11¥bin_project¥Debug¥bin_proje Browse..

Section

[BIN SECTION

Boundary alienment :
|2byte ﬂ

Symbal :

Remarks

This specification of the boundary alignment value in binary file input is valid for the Optimizing Linkage Editor Ver.9.0
or later.

For more details, please refer to section 9.1.1(4), Binary Files.
11.3 Library Generator

11.31 Reentrant and Standard Libraries

Question

Isit possible to create a reentrant object program when a standard library is used?
Answer

When alibrary function that sets or references an external variable is used, the object program is no longer reentrant. The
following table lists available reentrant libraries, where the symbol ( denotes a function that setsthe variable _errno. If
these functions do not reference the variable _errno in the program, the reentrant is available.
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List of Reentrant Libraries

Reentrant column  O: Reentrant X: Non-reentrant A: Sets_errno.

No. Std. Include File No. Function Reentrant  Remarks
stddef.h 1 offsetof O Macro
2 assert.h 2 assert X Macro
ctype.h 3 isalnum @)

4 isalpha (@)
5 iscntrl o
6 isdigit (0]
7 isgraph (@)
8 islower o
9 isprint (0]
10 ispunct (@)
11 isspace (@)
12 isupper (@)
13 isxdigit (@)
14 tolower @)
15 toupper @]

4 math.h 16 acos A Floating point
17 asin A same as above
18 atan A same as above
19 atan2 A same as above
20 cos A same as above
21 sin A same as above
22 tan A same as above
23 cosh A same as above
24 sinh A same as above
25 tanh A same as above
26 exp A same as above
27 frexp A same as above
28 Idexp A same as above
29 log A same as above
30 log10 A same as above
31 modf A Floating point
32 pow A same as above
33 sqrt A same as above
34 ceil A same as above
35 fabs A same as above
36 floor A same as above
37 fmod A same as above
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No. Std. Include File No. Function Reentrant  Remarks

5 mathf.h 38 A Floating-point
39 A same as above
40 A same as above
41 A same as above
42 A same as above
43 A same as above
44 A same as above
45 A same as above
46 A same as above
47 A same as above
48 A same as above
49 A same as above
50 A same as above
51 A same as above
52 A same as above
53 A same as above
54 A same as above
55 A same as above
56 A same as above
57 A same as above
58 A same as above
59 A same as above

6 setimp.h 60 (@)
61 longjmp (@)

7 stdarg.h 62 va_start (0] Macro
63 o Macro
64 O Macro

8 stdio.h 65 x
66 X
67 X
68 X
69 X
70 X
71 X
72 X
73 X
74 X
75 A
76 A
77 X
78 X

RENESAS
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No. Std. Include File No. Function Reentrant  Remarks
8 stdio.h 79 vsprintf A
80 fgetc X
81 fgets X
82 fputc X
83 fputs X
84 getc X
85 getchar X
86 gets X
87 putc X
88 putchar X
89 puts X
90 ungetc X
91 fread x
92 fwrite x
93 fseek x
94 ftell x
95 rewind x
96 clearerr x
97 feof x
98 ferror x
99 perror X
9 stdlib.h 100 atof A Non-ANSI
101 atoi A same as above
102 atol A same as above
103 strtod A
104 strtol A
105 rand X Floating-point
106 srand x
107 calloc x
108 free x
109 malloc x
110 realloc x
111 bsearch o
112 gsort (@) Recursive function
113 abs o
114 div A
115 labs @)
116 Idiv A
10 string.h 117 memcpy (0]
118 strcpy 0]
119 strncpy 0]
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No. Std. Include File No. Function Reentrant  Remarks

10 string.h 120 strcat (@)
121 strncat O
122 memcmp 0]
123 stremp 0]
124 strncmp 0]
125 memchr @)
126 strchr o
127 strespn @)
128 strpbrx (@)
129 strrchr 0]
130 strspn 0]
131 strstr @)
132 strtok x

133 memset

134 strerror
135 strlen

Oo|0|0O|O

136 memmove
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11.3.2 LiketoUseReentrant Library Function in Standard Library File
Question

| would like to use reentrant library function in standard library file.

Answer

There are reentrant function lists on [11.3.1 reentrant library]. Reentrant function can be generated by setting of library
generator in H8C V6.0 or later.

e On command line, use the Ibg38 -reent option.
e The setting in the HEW is shown below.

d 1)
Configuration : G/G++ | Assembly | Link/Library Standard Library |GPU | Deb 4|+ |
IDebug ll Category : IOhject ;I
E-J@ All Loaded Projects
B
D G source file. v Eenerate reentrant library Eit field alloc—order:
|:| C++ zource file o
I:l fizzembly source file Section : ILEft j
D Linkage svmbol file IPragram zection (P} LI Stare strine data in :
|P IOu:unst zection LI
Mul/Div operation specification : Group by alignment :
|Based on ANSIOEbit16bit=160i) =] [Auto =1
Qutput file path :
|$(GONFIGDIR)¥$(F‘ROJEOTNP.MEI'.Iib Modify... |
Optiong Standard Library
—cpu=HESH A 24 a|
—output="FCONFIGDIR)#S(PROJECTHAMENLIE™ —reent
—head=runtime new ztdioztdlib LI

’T‘ Cancel I

Standard Library Dialog Box

11.3.3 TherelsNo Standard Library File (H8C V4 or Later)
Question

There are several kinds of standard librariesin H8C V3.

But there is no standard library filein H8C V4 or later.

Answer

Since H8C V4, the specification of the standard library was changed, and the options became to be able to be specified.
This enabled the user to have the standard libraries tuned by the options.

Please generate a standard library file by using alibrary generator since a standard library file has not been attached to a
product in H8C V4 or later.
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11.34 Warning Message On Building Standard Library

Question

[L1200(W) Backed up file "alib" into "b.Ibk"] may be output when generate a standard library file.
Answer

Thisis just warning message which HEW will make backup files when it generates new library files.

If you select "Use an exigting library file" at [Standard Library] mode: in HEW/[OPTIONS]/[H8S,H8 Standard
Toolchain...], the warning will not be issued. When you select "BUILD ALL" in HEW, Linkage editor generates a
standard library at first. For the first project you created, it is necessary to build a standard library, and so you must select
the “Build alibrary file” in the [Standard Library] mode of the HEW/[OPTIONS]/[ H8S,H8 Standard Toolchain...].

However, a standard library is already created in the file for which BUILD ALL isonce specified, and so the automatic
generation of astandard library is not necessary for thisfile. In this case, since a standard library is automatically
generated for each BUILD ALL specification, the existing library is backed up.

If you select the “Use an existing library file”, this warning message can be avoided. Also, this can save the time required
for automatically generating a standard libray on BUILD ALL.

] Standard Toolchain 1' il
Gonfiguration : G/G++ | Assembly | Link/Library Standard Library |GPU | Deb 4| ¥ |
I Dete LI Category : I Mode ;l

- All Loaded Project:
= @ = TIRCts Made : IBuiId a library file {option changad) j
=1 = e :

|:| G zource file i fI A

-] G+ source file Uze an existing library file

D fizzembly zource file Do not add a library file

F-[_7 Linkage symbal file Litrary file: -

|${OONFIGDIR}%(PRO.JECTNF'.ME]'.Iib [lad ity |
Cptions Standard Library
—cpu=HEB5HA:24 ;I
—output="$COMNFIGDIRMEPROJECTNAMEL Ib™ —reent
—head=runtime,new stdiostdlib LI
[0]4 I Cancel I

Standard Library Dialog Box
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11.35 Sizeof Memory Used asHeap

Question

Tell me how to calculate the size of the memory used as heap.
Answer

The size of the memory used as heap is the total of memory areas assigned by the memory management library functions
(calloc, malloc, ralloc, new) in a C/C++ program. However, these functions use four bytes as management area each time
they are called. Calculate the heap size by adding this size to the size of the actually assigned area.

The compiler manages the heap in 1024 byte unit. Calculate the size of the area allocated as heap (HEAPSIZE) as follows:
HEAPSIZE =1024x n (n=1)
(area size allocated by memory management library) + (Management area size < HEAPSIZE)

The /O library functions use the memory management library functionsin internal processing. The size of the area
alocated during 1/0 is 516 bytes x maximum number of concurrently open files.

Note: The areafreed by the memory management library function free or delete is reused by a memory management
library function for alocation. Even if the total size of the free areais sufficient, repeating allocations causes the
free areato be divided into smaller ones, making the allocation of newly requested large areas impossible. To
prevent this situation, use the heap area according to following suggestions.

a. Large sized areas should be allocated immediately after the program starts to run.
b. The size of the data area to be freed and reused should be constant.

11.36 Howto Reduce ROM Sizefor I/O Libraries

Question

How can | reduce the ROM size of the I/O library for standard include files?
Answer

When the no_float.h include file is specified, smple 1/0 functions including no floating-point conversion process can be
used.

This specification is available for the following functions:
fprintf, fscanf, printf, scanf, sprintf, sscanf, vfprintf, vprintf, vsprintf
Add the option no_float.h to specify afile as an include file before the standard 1/0O file stdio.h.

Example:

#i ncl ude <no_f 1l oat. h> €— Macro declaration

#i ncl ude <stdio. h>
voi d nai n(voi d)

printf(“HELLC¥n");
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For afile using an existent standard 1/O library, use the preinclude option.
When simple I/O functions are used, the ROM size is reduced when the |/O operations of files are performed.

However, if this option is specified together with a floating-point (%f, %e, %E, %g,%E) specification, the runtime
execution is not guaranteed.

11.3.7 Howto Edit Library File

Question

How can | edit thelibrary file to reuse existing library files?

Answer

It can be edited by specifying options in the Optimizing Linkage Editor. The usage of the optionsis shown below.
ThereisH Series Librarian Interface which can startup the Optimizing Linkage Editor from GUI.

How to startup H SeriesLibrarian Interface

Select [Tools->Hitachi H Series Librarian Interface] in HEW, to startup H Series Librarian Interface.

(A) Modify Section Name of Module in Library

The section name of the specified module in library can be modified, to locate the section into any address.

(1) Open library, and select module to assign into any address.
(2) Display the following dialog by [Action->Rename Section...], and modify section name by After button

Rename Section @E'

Bename Information :

Fename Cancel Help

Command line: optlnk -ib=<Library File Name> -rename=<Module Name in Library>(P=P123)
(B) Replace Modulein Library/Add Module to Library
The module in library can be replaced. New module can be added to library.

(1) Open library, and select [Action->Add/Replace...].
(2) Open module with same name to replace. Open module with new name to add.

Command line: optink —ib=<Library File Name> -replace=<Module Name in Library>
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(C) Delete Modulein Library
The modulein library can be deleted.

(1) Open library, and select module to delete. (multiple select available)
(2) Display Delete dialog by [Action->Delete...], and push Delete button.

Command line: optlnk —ib=<Library File Name> -delete=<Module Name in Library>
(D) Extract Modulein Library
The module in library can be extracted.

(1) Open library, and select module to extract. (multiple select available)
(2) Display the following dialog by [Action->Extract...], specify Output folder, and push OK button.
(3) Then the specified modules are output to the specified Output folder. (C: \ in the following example)

Extract E|

Cutput file tvpe :
[Dbject file x|

Cutput folder :

|C:¥ Browsze...
!

Cutput file information :

Module | Type | Path |
funcl Object file C#funcl.obj

Command line: optink —ib=<Library File Name> -extract=<Module Name in Library> -form=<Output File Type>

Here, Output file type is object in this example.
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114 HEW

1141 Failureto Display Dialog Menu

Question

Tool option dialog boxes are not displayed correctly with the HEW.
Answer

If an old release (such as 400.950a) of Windows®95 is used, an application error occurs when options in the C/C++
compiler, the Assembler, or the IM OptLinker are opened, and the HEW may aborts the operation abnormally or option
dialog boxes may not be displayed correctly. This problem is caused when the version of the COMCTL32.DLL filethat is
located in the System directory of the Windows directory istoo old. In this case, upgrade the Windows®95.

1142 Linkage Order of Object Files

Question

I would like to specify an order of link of an object file on HEW.
Answer

Please add an object file by pushing [Add] and select the Show entry for: [Relocatable files and object files] from the
category [Input] in the Link/Library tab of the H8S,H8 Standard Toolchain.... An object islinked in order specified in this
time.

300 Standard Toolchain ﬂil
Gonfiguration - G/G++ | Assembly Link/Library | Standard Library | GPU | Deb 4 [+
IDebug ll Category : IIn|:uut ;I

E-J@ All Loaded Projects e crfifes G ;
= = : _—
T ‘elozatable files and object files
D 0 source file Felocatable files and object files
-] G+ source file Add.
I:l fizzembly source file
-7 Linkage symbal file Ineert..
Eemaove
| #]
L {1 ]
[T Use entry point : Prelinker contral :
| In‘:\utD ﬂ
Options LinksLibrary :
—noprelink, -rom=0=F -nomezzage -
~list="$ICONFIGDIFR4EPROJECTNAME). map™ —nooptimize
—start=PRezetPRG Pt PRG0400,P,C.CEDSEC CEBSEC DAO00,

’T‘ Cancel I

Link/Library Dialog Box

Rev.3.00 2005.09.12 11-61
REJ05B0464-0300
RENESAS




Section1l Q&A

H8C V.6.00Release02 or later eases specifying the link order.
To display the dialog box for customizing the link order, choose [Build], and then [ Specify link order].

Here, specify the link order. The items higher on the list are linked first.

II:
ix

W ilze custom linkage ordet Ok
Object order: Cancel |
[ dbzct obj

[ intprg.obj b

[ resetprg obj ﬂl
[ sample.lib fdioe Lp |
[ sample.obj

D zhrk.obj b iowe down |
D vecttbl. obij

Current configuration:
Debug j Copy to...

L
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11.43 Excluding a Project File
Question
| would like to eliminate a project fi

Answer

le from Build temporarily.

Thefileis eliminated from Build if choose [Exclude Build <file>] by pressing aright button of mouse onto the file of
"Projects" tab on work space window. If sending afile back to Build again, please choose [Include Build <file>] by
pressing aright button of mouse on the file of "Projects" tab on work space window.

| ]

=G test]

= I@ test]

-3 Azsembly source file

----- E dbzctarc
----- 2
_____ E resEty Open inkprg.src
..... E =tack: .
Build inkprg.src
----- E wertth P
-3 Csource  Build Options »
----- H] initzc
..... E shbrk.c Add Files. .. M5
----- 4] testls Remove Files...
=-£3 Dependen
..... =1 =brkh Exclude Build inkprg.src
----- ] vectir

Version Conkral L

Configure Yiew., .,

IT Allawe Dacking
Hide

Properties

Show Differences. .,

|

Exclude Build Menu
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1144  Specifying the Default Optionsfor Project Files

Question

| would like to automatically specify a default option into file when adding a project into file.
Answer

Thelist of filesis displayed on the left of the H8S, H8 Standard Toolchain (see the figure below). Please open the folder in
file group in which Default Option is to be specified by thefilelist. "Default Options" icon is displayed in the folder.
Please choose anicon and click "OK" by specifying an option in the right side of an option dialog box. This option can be
applied when afile of the file group isfirst added to the project.

2%
Configuration : GG+ ITu:u:qu:hain Optian |
IDebug LI Category : ISDurce ;l
E’@ All Loaded Projects Shaw entries for :
IE%STG source file IIncIude file director ies LI

i -[E] dbzctc Bdd..
: intpre.c

resetpre.c Inzert. |
: zhrkc
. TESTC Bemave |
- I:I G++ ZOUrCE fI|E [dave up |
F-[_1 Aszembly source file

-0 Linkage symbal fils Waove down |
Cptiong G+ :

—cpu=HASHA24 —ohject="$ (CONFIGDIRMSFILELEAF) obj” ;l
—debug -nolist —cheincpath -lane=c -nologo _|

[0]4 I Cancel I

Degault Options

1145 Changing Memory Map
Question

A memory map can not be changed.
Answer

When amemory source of the memory window has been mapped, a memory map can not be changed in the system
configuration window. Please change amemory map after mapping of amemory resource was released.
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1146 Howto Use HEW on Network

Question

(1) Canthe HEW beinstalled on a network?

(2) Can projectsand programs be installed on a network?
Answer

(1) The HEW system itself cannot be installed on a network.

(2) No problem. Be careful not to accessasingle file by plural users.

1147 Limitationson File and Directory Names Created in HEW

Question

The message " Error has occurred whilst saving file <filename>" is displayed at the HEW system startup. Why isit?
Answer

Files and directories created on the HEW system have limitations.

For the specifications of the following items, only half-width alphanumeric characters and half-width underlines can be
used:

* Names of the directoriesto beinstalled

» Names of the directoriesin which projects are to be created

* Project names

11.4.8 Failureof Japanese Font Display with the HEW Editor or HDI
Question

(1) Japanese fonts are not displayed with the HEW editor.

(2) Japanese characters are rotated 90 degrees with the HEW editor.

(3) Theinter-module optimizer generates SYNTAX ERROR messages.
Answer

When coding Japanese with the HEW editor, specify Japanese font as follows:

Use Font in the Text column of the For mat tab in Tools->Options:
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<HEW1.2>

Use Font in the Text column of the Format tab in Tools->Options:

(8] pt ions

Build | Editar Format 'l.l'l.l'orkspacel

— Text categories:

Filz group:

Azsembly include file
Azsembly list fila
Assembly source file
C header file

C list file

C =source file

CH+ header file

Kewword group:

Selectad Text
Text

Bemove

Kewwards..,

1L,

— Text:

<F/\

1=

1a -

—iCalors:

Fareground: Backeground:

(o] 4 I Cancel

<HEW2.0 or later>

Use Font of the Font tab in Tools-> Format Views.:

Format Yiews EE3 |

Source Fant I
Dizazzembly
Cutput
Faint Size
ol | [t Bemave

HEW Sample Text

(0] 4 I Cancel
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If Japanese fonts are not correctly displayed with the HDI, modify as follows:

[Setup->Customize->Font...]

Font Style: Size:

[Reqular j'l[ o
Courier New -+ | Cancel
& DofumChe .~ Ifalic 12
~ [Bold g H
T GulimChe Baold Italic 16
T GungsuhChe . =l 8 = Help

~3ample
Use as Default Font |

Az

1149 How to Convert Programsfrom HIM to HEW

Question

How can | use aproject created under HIM (Hitachi Integration Manager) on the HEW?
Answer

Projects can be converted from HIM to HEW using atool called " HIM To HEW Project Converter” that is supplied with
the HEW system.

11.4.10 | Want to Usean Old Compiler (Tool Chain) in the Latest HEW.

Question

I have an old compiler package. When | bought an Emulator, new HEW was bundled.

In order to Build and Debug with new HEW, | want to use an old tool chain in the new HEW.
Can | do that?

Answer

It depends on the version of the compiler package you are using. See below.

[H8C V.3.0]

< Build >

Thetool chain cannot be registered in the latest HEW. Therefore, building by new HEW is not available.
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(Note)
"HIM to HEW Project Converter" isusableif you have H8C V.3.0A compiler package.

By using thistool, you can convert HIM project into HEW project. Y ou can use H8C V.3.0A with new HEW after
conversion.

< Debug >

Absolute file (*.abs) cannot be used. Y ou can only use S-type format file.

Moreover, debugging program at C source level is not available. Only at assembler level is available.
[H8C V.3.0A]

< Build >

Thetool chain can be registered in the latest HEW. Therefore, building by new HEW is available.
But you cannot create new project with the latest HEW.

In case of creating new project, you must use HEW V.1 bundled with the older compiler package.
Once you create project by HEW V.1, you can open it with in new HEW.

< Debug >

Absolute file (*.abs) cannot be used. Y ou can only use S-type format file.

Moreover, debugging program at C source level is not available. Only at assembler level is available.
[H8C V 4]

< Build >

Thetool chain can be registered in the latest HEW. Therefore, building by new HEW is available.
But you cannot create new project with the latest HEW.

In case of creating new project, you must use HEW V.1 bundled with the older compiler package.
Once you create project by HEW V.1, you can open it in new HEW.

< Debug >

Absolute file (*.abs) can be used.

By registering absolute file, debugging at C source level is available.

[HBC V.5 or later]

<Build & Debug>

Thereisno limitation. Y ou can use al functions of new HEW.
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Appendix A Lists of Floating-Point Arithmetic Operation Performance

A. Floating-Point Operation Performance

Al Single-Precision Floating-Point Operation Performance

A.ll

Single-Precision Floating-Point Operation Performance (H8/300,H8/300H,H8S/2600)

H8/300H H8S/2000,H8S/2600

No. Function Parameter 1 Parameter 2  H8/300 NRM ADV NRM ADV
1 acos 0.4 - 30,850 23,316 25,636 8,495 8,852
1.57075 - 3,830 3,022 3,484 930 999

0.6 - 30,864 23,226 25,546 8,450 8,806

-0.4 - 30,918 23,302 25,622 8,496 8,853

2 asin 0.4 - 29,840 22,390 24,576 8,158 8,494
1.57075 - 2,904 2,194 2,522 642 690

0.6 - 29,850 22,310 24,496 8,118 8,453

-0.4 - 29,926 22,402 24,588 8,172 8,508

3 atan 0.11 - 13,166 9,948 11,010 3,581 3,767
0.27 - 18,122 14,302 15,718 5,269 5,502

0.547 - 17,964 14,128 15,544 5,179 5,412

0.777 - 18,890 14,820 16,270 5,436 5,672

0.975 - 17,924 14,210 15,582 5,277 5,502

54.45 - 21,834 17,744 19,390 6,659 6,922

154.233 - 21,952 17,840 19,486 6,707 6,970

-54.45 - 21,920 17,754 19,400 6,672 6,935

-0.975 - 18,010 14,220 15,592 5,290 5,515

-0.777 - 18,976 14,830 16,280 5,449 5,685

4  atan2 0.3 0.7 20,898 16,758 18,494 6,182 6,441
0.2 0.1 24,736 20,204 22,214 7,523 7,820

0.1 0.9 16,156 12,648 14,030 4,619 4,831

5 cos 0.523333333 - 11,124 8,148 8,780 3,114 3,262
1.046666667 - 13,090 9,610 10,506 3,588 3,757

1.9625 - 12,420 9,024 9,842 3,404 3,562

2.7475 - 12,074 8,932 9,642 3,398 3,557

3.5325 - 11,332 8,284 8,916 3,183 3,331

4.3175 - 13,184 9,748 10,644 3,656 3,825

5.1025 - 12,462 9,114 9,932 3,448 3,606

5.8875 - 12,050 8,960 9,670 3,411 3,570

-0.52333333 - 11,210 8,158 8,790 3,127 3,275

-1.04666667 - 13,176 9,620 10,516 3,601 3,770
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H8/300H H8S/2000,H8S/2600

No. Function Parameter 1 Parameter 2  H8/300 NRM ADV NRM ADV
5 cos -1.9625 - 12,506 9,034 9,852 3,417 3,575
-2.7475 - 12,160 8,942 9,652 3,411 3,570

-3.5325 - 11,418 8,294 8,926 3,196 3,344

-4.3175 - 13,270 9,758 10,654 3,669 3,838

-5.1025 - 12,548 9,124 9,942 3,461 3,619

-5.8875 - 12,136 8,970 9,680 3,424 3,583

6 sin 0.523333333 - 12,170 8,838 9,656 3,314 3,472
1.046666667 - 11,942 8,872 9,582 3,373 3,532

1.9625 - 11,196 8,202 8,834 3,147 3,295

2.7475 - 13,240 9,764 10,660 3,671 3,840

3.5325 - 12,482 9,060 9,878 3,428 3,586

4.3175 - 12,120 8,954 9,664 3,415 3,574

5.1025 - 11,382 8,312 8,944 3,203 3,351

5.8875 - 13,204 9,776 10,672 3,674 3,843

-0.52333333 - 12,348 8,876 9,694 3,342 3,500

-1.04666667 - 12,120 8,910 9,620 3,401 3,560

-1.9625 - 11,374 8,240 8,872 3,175 3,323

-2.7475 - 13,418 9,802 10,698 3,699 3,868

-3.5325 - 12,660 9,098 9,916 3,456 3,614

-4.3175 - 12,298 8,992 9,702 3,443 3,602

-5.1025 - 11,560 8,350 8,982 3,231 3,379

-5.8875 - 13,382 9,814 10,710 3,702 3,871

7 tan 0.3925 - 16,682 12,494 13,374 4,768 4,997
1.1775 - 17,522 13,240 14,198 5,055 5,276

1.9625 - 16,908 12,634 13,514 4,863 5,074

2.7475 - 17,696 13,344 14,302 5,111 5,332

8 cosh 0.33 - 44,886 33,624 35,796 13,237 13,735
0.78 - 46,018 34,462 36,646 13,354 13,864

-0.33 - 44,904 33,636 35,808 13,243 13,741

-0.78 - 46,036 34,474 36,658 13,360 13,870

9 sinh 0.33 - 12,538 9,004 9,660 3,375 3,520
0.98 - 47,040 35,310 37,568 13,689 14,209

-0.33 - 12,538 9,004 9,660 3,375 3,520

-0.98 - 47,058 35,322 37,580 13,695 14,215

10 tanh 0.0033+00 - 9,772 7,102 7,710 2,553 2,672
11 exp 0.33 - 21,860 16,184 17,180 6,471 6,713
0.98 - 22,588 16,740 17,742 6,598 6,846

-0.33 - 21,980 16,212 17,208 6,485 6,727

-0.98 - 22,684 16,732 17,734 6,594 6,842
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H8/300H H8S/2000,H8S/2600

No. Function Parameter 1 Parameter 2  H8/300 NRM ADV NRM ADV
12 frexp 0.3 - 186 102 118 54 60
400 - 186 102 118 54 60

13 Idexp 0.3 30 1,382 964 1,068 316 337
0.1 100 1,382 964 1,068 316 337

14 log 1.2 - 18,766 14,272 15,410 5,353 5,575
25 - 18,882 14,476 15,614 5,455 5,677

0.999 - 19,376 14,996 16,134 5,715 5,937

0.3 - 19,016 14,604 15,742 5,519 5,741

15 logl0 1.2 - 20,138 15,260 16,532 5,686 5,929
25 - 20,254 15,464 16,736 5,788 6,031

0.999 - 20,764 16,008 17,280 6,060 6,303

0.3 - 20,372 15,572 16,844 5,482 6,085

16 modf 256.3 - 3,518 2,890 3,388 914 975
0.032 - 3,342 2,760 3,252 850 908

10000.2345 - 3,608 2,962 3,460 950 1,011

17 pow 2.3 4.2 43,236 33,010 35,340 12,577 13,074

45.2 -5 43,642 33,412 35,742 12,789 13,286

-4.56 -3 47,134 36,326 39,066 13,678 14,231

-85.55 476 45,988 35,406 38,064 13,360 13,904

18 sqrt 2 - 4,918 1,878 1,980 829 852
3 - 4,966 1,910 2,012 845 868

0.1 - 4,906 1,890 1,992 835 858

19 ceil 0.3 - 2,998 2,452 2,790 749 801
-0.6 - 1,806 1,314 1,502 393 426
20 fabs 5 - 126 38 40 24 27
-5 - 126 38 40 24 27

21 floor 0.3 - 1,806 1,314 1,502 393 426
-0.6 - 2,998 2,446 2,784 746 798

22 fmod 11.1 3.2 1,964 1,498 1,654 533 564
500.55 0.4 2,436 1,858 2,014 713 744

1.05E+06 9.54E-07 4,178 3,186 3,342 1,377 1,408
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A.1.2  Single-Precision Floating-Point Operation Performance (H8SX)

H8SX
No. Function Parameter 1 Parameter 2 NRM ADV MAX
1 acos 0.4 - 6,108 6,403 6,397
1.57075 - 495 438 438
0.6 - 6,079 6,373 6,368
-0.4 - 6,100 6,396 6,390
2 asin 0.4 - 5,880 6,219 6,220
1.57075 - 340 309 309
0.6 - 5,885 6,195 6,196
-0.4 - 5,884 6,225 6,226
3 atan 0.11 - 2,167 2,550 2,549
0.27 - 3,542 4,012 4,011
0.547 - 3,449 3,919 3,918
0.777 - 3,643 4,122 4,121
0.975 - 3,595 4,055 4,054
54.45 - 4,769 5,308 5,307
154.233 - 4,828 5,368 5,367
-54.45 - 4,773 5,314 5,313
-0.975 - 3,599 4,061 4,060
-0.777 - 3,647 4,128 4,127
4  atan2 0.3 0.7 4,370 4,811 4,806
0.2 0.1 5,570 6,088 6,085
0.1 0.9 3,146 3,497 3,493
5 cos 0.523333333 - 2,039 2,347 2,349
1.046666667 - 2,229 2,658 2,660
1.9625 - 2,208 2,543 2,547
2.7475 - 2,222 2,552 2,556
3.5325 - 2,201 2,408 2,411
4.3175 - 2,371 2,732 2,737
5.1025 - 2,256 2,593 2,597
5.8875 - 2,240 2,572 2,576
-0.52333333 - 2,045 2,351 2,353
-1.04666667 - 2,305 2,662 2,664
-1.9625 - 2,214 2,547 2,551
-2.7475 - 2,228 2,556 2,560
-3.5325 - 2,108 2,412 2,415
-4.3175 - 2,377 2,736 2,741
-5.1025 - 2,262 2,597 2,601
-5.8875 - 2,246 2,576 2,580
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H8SX
No. Function Parameter 1 Parameter 2 NRM ADV MAX
6 sin 0.523333333 - 2,385 2,459 2,460
1.046666667 - 2,464 2,537 2,539
1.9625 - 2,308 2,377 2,380
2.7475 - 2,650 2,728 2,733
3.5325 - 2,497 2,571 2,575
4.3175 - 2,501 2,574 2,578
5.1025 - 2,361 2,430 2,433
5.8875 - 2,663 2,741 2,746
-0.52333333 - 2,397 2,468 2,469
-1.04666667 - 2,476 2,546 2,548
-1.9625 - 2,320 2,386 2,389
-2.7475 - 2,662 2,737 2,742
-3.5325 - 2,509 2,580 2,584
-4.3175 - 2,513 2,583 2,587
-5.1025 - 2,373 2,439 2,442
-5.8875 - 2,675 2,750 2,755
7 tan 0.3925 - 3,366 3,775 3,771
1.1775 - 3,566 4,000 3,996
1.9625 - 3,448 3,854 3,850
2.7475 - 3,609 4,040 4,036
8 cosh 0.33 - 10,276 9,214 9,214
0.78 - 10,294 9,237 9,237
-0.33 - 10,272 9,219 9,219
-0.78 - 10,299 9,242 9,242
9 sinh 0.33 - 2,413 2,110 2,110
0.98 - 10,623 9,548 9,548
-0.33 - 2,413 2,110 2,110
-0.98 - 10,628 9,553 9,553
10 tanh 0.0033+00 - 1,604 1,553 1,552
11 exp 0.33 - 5,110 4,564 4,556
0.98 - 5,215 4,667 4,663
-0.33 - 5,116 4,570 4,562
-0.98 - 5,221 4,673 4,669
12 frexp 0.3 - 41 42 42
400 - 41 42 42
13 Idexp 0.3 30 220 196 196
0.1 100 220 196 196
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H8SX
No. Function Parameter 1 Parameter 2 NRM ADV MAX
14  log 1.2 - 3,706 3,573 3,573
2.5 - 3,770 3,636 3,636
0.999 - 4,058 3,924 3,924
0.3 - 3,858 3,724 3,724
15 logl0 1.2 - 3,884 3,754 3,755
25 - 3,948 3,818 3,818
0.999 - 4,245 4,115 4,115
0.3 - 4,029 3,889 3,899
16 modf 256.3 - 535 514 514
0.032 - 469 450 450
10000.2345 - 571 550 550
17 pow 2.3 4.2 9,338 8,626 8,634
45.2 -5 9,492 8,780 8,795
-4.56 -3 10,016 9,242 9,254
-85.55 476 9,783 9,033 9,053
18 sqrt 2 - 885 859 859
3 - 893 867 867
0.1 - 889 863 863
19 cell 0.3 - 446 390 390
-0.6 - 246 215 215
20 fabs 5 - 21 21 21
-5 - 21 21 21
21 floor 0.3 - 246 215 215
-0.6 - 445 393 393
22  fmod 111 3.2 367 413 415
500.55 0.4 581 627 629
1.05E+06 9.54E-07 1,388 1,434 1,436
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A2 Double-Precision Floating-Point Operation Performance

A.2.1  Double-Precision Floating-Point Operation Performance (H8/300,H8/300H,H85/2600)

H8/300H H8S/2000,H8S/2600

No. Function Parameter 1 Parameter 2  H8/300 NRM ADV NRM ADV
1 acos 0.4 - 88,070 44,762 47,294 20,277 21,016
1.57075 - 4,646 3,786 4,284 1,814 1,994

0.6 - 88,396 44,974 47,506 20,383 21,121

-0.4 - 88,114 44,730 47,262 20,269 21,008

2 asin 0.4 - 86,796 43,666 46,062 19,681 20,369
1.57075 - 3,542 2,834 3,196 1,290 1,419

0.6 - 87,104 43,862 46,258 19,779 20,466

-0.4 - 86,882 43,678 46,074 19,695 20,383

3 atan 0.11 - 29,172 18,570 19,780 7,784 8,156
0.27 - 41,948 25,560 27,142 11,126 11,590

0.547 - 41,590 25,512 27,094 11,099 11,563

0.777 - 43,906 26,862 28,484 11,640 12,114

0.975 - 41,862 25,714 27,250 11,218 11,669

54.45 - 53,282 30,720 32,546 13,589 14,113

154.233 - 53,626 31,070 32,896 13,764 14,288

-54.45 - 53,368 30,730 32,556 13,602 14,126

-0.975 - 41,948 25,724 27,260 11,231 11,682

-0.777 - 43,992 26,872 28,494 11,653 12,127

4 atan2 0.3 0.7 51,604 29,210 31,122 12,919 13,457
0.2 0.1 62,958 34,532 36,734 15,451 16,062

0.1 0.9 39,414 22,708 24,248 9,824 10,270

5 cos 0.523333333 - 24,152 15,346 16,078 6,412 6,681
1.046666667 - 27,734 17,718 18,730 7,411 7,723

1.9625 - 26,848 17,014 17,944 7,091 7,382

2.7475 - 25,478 16,430 17,244 6,922 7,212

3.5325 - 24,488 15,598 16,330 6,538 6,807

4.3175 - 27,984 17,876 18,888 7,489 7,801

5.1025 - 26,982 17,064 17,994 7,115 7,406

5.8875 - 25,488 16,446 17,260 6,930 7,220

-0.52333333 - 24,238 15,350 16,082 6,422 6,691

-1.04666667 - 27,796 17,728 18,740 7,424 7,736

-1.9625 - 26,934 17,024 17,954 7,104 7,395

-2.7475 - 25,564 16,440 17,254 6,935 7,225

-3.5325 - 24,574 15,608 16,340 6,551 6,820

-4.3175 - 28,070 17,886 18,898 7,502 7,814
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H8/300H H8S/2000,H8S/2600
No. Function Parameter 1 Parameter 2  H8/300 NRM ADV NRM ADV
5 cos -5.1025 - 27,068 17,074 18,004 7,128 7,419
-5.8875 - 25,574 16,456 17,270 6,943 7,233
6 sin 0.523333333 - 26,522 16,820 17,750 7,000 7,289
1.046666667 - 25,278 16,214 17,028 6,821 7,109
1.9625 - 24,278 15,556 16,288 6,524 6,791
2.7475 - 27,926 17,840 18,852 7,480 7,790
3.5325 - 26,960 17,002 17,932 7,093 7,382
4.3175 - 25,590 16,472 17,286 6,951 7,239
5.1025 - 24,636 15,712 16,444 6,603 6,870
5.8875 - 27,988 17,908 18,920 7,512 7,822
-0.52333333 - 26,700 16,858 17,788 7,028 7,317
-1.04666667 - 25,480 16,300 17,114 6,873 7,161
-1.9625 - 24,456 15,594 16,326 6,552 6,819
-2.7475 - 28,104 17,878 18,890 7,508 7,818
-3.5325 - 27,138 17,040 17,970 7,121 7,410
-4.3175 - 25,768 16,510 17,324 6,979 7,267
-5.1025 - 24,814 15,750 16,482 6,631 6,898
-5.8875 - 28,166 17,946 18,958 7,540 7,850
7 tan 0.3925 - 38,230 21,734 22,712 9,149 9,483
1.1775 - 39,408 22,136 23,196 9,323 9,677
1.9625 - 38,490 21,456 22,434 9,017 9,357
2.7475 - 39,672 22,672 23,732 9,595 9,955
8 cosh 0.33 - 99,902 56,136 58,518 23,476 24,258
0.78 - 101,046 57,590 59,980 24,901 24,693
-0.33 - 99,920 56,140 58,522 23,478 24,260
-0.78 - 101,064 57,594 59,984 23,903 24,695
9 sinh 0.33 - 28,064 17,778 18,546 7,269 7,535
0.98 - 102,482 57,370 59,838 23,765 24,586
-0.33 - 28,064 17,778 18,546 7,269 7,535
-0.98 - 102,500 57,374 59,842 23,765 24,588
10 tanh 0.0033+00 - 109,818 63,362 66,024 26,975 27,838
11 exp 0.33 - 49,318 27,448 28,558 11,505 11,886
0.98 - 50,186 27,746 28,860 11,503 11,889
-0.33 - 49,428 27,556 28,666 11,559 11,940
-0.98 - 50,288 27,782 28,896 11,521 11,907
12 frexp 0.3 - 290 246 274 134 147
400 - 290 246 274 134 147
13 Idexp 0.3 30 1,792 1,436 1,576 659 721
0.1 100 1,792 1,436 1,576 659 721
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H8/300H H8S/2000,H8S/2600
No. Function Parameter 1 Parameter 2  H8/300 NRM ADV NRM ADV
14  log 1.2 - 43,214 25,574 26,854 10,931 11,341
2.5 - 43,360 26,242 27,522 11,265 11,675
0.999 - 44,000 25,250 26,530 10,769 11,179
0.3 - 43,580 25,936 27,216 11,112 11,522
15 logl0 1.2 - 45,900 27,160 28,580 11,654 12,117
25 - 46,022 27,808 29,228 11,978 12,441
0.999 - 46,718 26,858 28,278 11,503 11,966
0.3 - 46,266 27,516 28,936 11,832 12,295
16 modf 256.3 - 4,458 4,044 4,484 1,795 1,945
0.032 - 4,148 3,712 4,148 1,632 1,780
10000.2345 - 4,434 3,898 4,338 1,722 1,872
17 pow 2.3 4.2 96,904 56,372 58,948 23,829 24,677
45.2 -5 97,438 55,556 58,132 23,432 24,280
-4.56 -3 101,770 59,090 62,090 24,943 25,891
-85.55 476 100,174 59,292 62,206 25,111 26,039
18 sqrt 2 - 30,274 9,906 10,040 4,940 5,000
3 - 30,374 9,922 10,056 4,948 5,008
0.1 - 29,250 9,780 9,914 4,877 4,937
19 cell 0.3 - 3,720 3,196 3,572 1,451 1,578
-0.6 - 2,238 1,816 2,034 827 915
20 fabs 5 - 214 166 188 102 112
-5 - 214 166 188 102 112
21 floor 0.3 - 2,238 1,816 2,034 827 915
-0.6 - 3,720 3,190 3,566 1,448 1,575
22  fmod 111 3.2 2,716 2,070 2,258 1,047 1,127
500.55 0.4 3,724 2,524 2,712 1,274 1,354
1.05E+06 9.54E-07 7,624 3,904 4,092 1,964 2,044
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A.2.2  Double-Precision Floating-Point Operation Performance (H8SX)

H8SX
No. Function Parameter 1 Parameter 2 NRM ADV MAX
1 acos 0.4 - 16,203 16,305 16,306
1.57075 - 1,097 1,136 1,135
0.6 - 16,220 16,323 16,324
-0.4 - 16,185 16,289 16,291
2 asin 0.4 - 15,881 15,903 15,904
1.57075 - 738 805 804
0.6 - 14,895 15,916 15,918
-0.4 - 14,888 15,910 15,911
3 atan 0.11 - 5,081 5,873 5,872
0.27 - 8,163 9,066 9,065
0.547 - 8,089 8,992 8,991
0.777 - 8,512 9,425 9,424
0.975 - 8,271 9,159 9,158
54.45 - 10,528 11,515 11,514
154.233 - 10,693 11,680 11,679
-54.45 - 10,534 11,522 11,520
-0.975 - 8,277 9,166 9,164
-0.777 - 8,518 9,432 9,430
4  atan2 0.3 0.7 9,791 10,739 10,740
0.2 0.1 12,161 13,208 13,209
0.1 0.9 6,978 7,815 7,816
5 cos 0.523333333 - 4,653 4,928 4,927
1.046666667 - 5,340 5,691 5,691
1.9625 - 5,147 5,443 5,443
2.7475 - 5,028 5,355 5,355
3.5325 - 4,788 5,060 5,060
4.3175 - 5,418 5,771 5,771
5.1025 - 5,181 5,479 5,479
5.8875 - 5,039 5,369 5,368
-0.52333333 - 4,656 4,931 4,931
-1.04666667 - 5,341 5,692 5,693
-1.9625 - 5,151 5,447 5,448
-2.7475 - 5,032 5,359 5,360
-3.5325 - 4,792 5,064 5,065
-4.3175 - 5,422 5,775 5,776
-5.1025 - 5,185 5,483 5,484
-5.8875 - 5,043 5,373 5,373
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H8SX
No. Function Parameter 1 Parameter 2 NRM ADV MAX
6 sin 0.523333333 - 4,665 5,363 5,362
1.046666667 - 4,601 5,260 5,260
1.9625 - 4,405 5,040 5,040
2.7475 - 5,033 5,754 5,754
3.5325 - 4,764 5,461 5,461
4.3175 - 4,725 5,384 5,384
5.1025 - 4,473 5,108 5,108
5.8875 - 5,061 5,783 5,782
-0.52333333 - 4,674 5,372 5,372
-1.04666667 - 4,622 5,281 5,282
-1.9625 - 4,414 5,049 5,050
-2.7475 - 5,042 5,763 5,764
-3.5325 - 4,773 5,470 5,471
-4.3175 - 4,734 5,393 5,394
-5.1025 - 4,482 5,117 5,118
-5.8875 - 5,072 5,792 5,792
7 tan 0.3925 - 7,096 7,418 7,418
1.1775 - 7,284 7,631 7,631
1.9625 - 7,050 7,317 7,371
2.7475 - 7,451 7,797 7,797
8 cosh 0.33 - 16,425 16,725 16,727
0.78 - 16,918 17,216 17,218
-0.33 - 16,427 16,727 16,729
-0.78 - 16,920 17,218 17,220
9 sinh 0.33 - 4,793 4,873 4,873
0.98 - 16,705 17,003 17,006
-0.33 - 4,793 4,873 4,873
-0.98 - 16,707 17,005 17,008
10 tanh 0.0033+00 - 21,563 20,209 20,210
11 exp 0.33 - 8,073 8,249 8,248
0.98 - 8,113 8,289 8,288
-0.33 - 8,113 8,289 8,288
-0.98 - 8,129 8,305 8,304
12 frexp 0.3 - 80 75 75
400 - 80 75 75
13 Idexp 0.3 30 378 413 413
0.1 100 378 413 413

RENESAS
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Appendix A Lists of Floating-Point Arithmetic Operation Performance

H8SX
No. Function Parameter 1 Parameter 2 NRM ADV MAX
14  log 1.2 - 8,345 7,889 7,889
2.5 - 8,640 8,181 8,181
0.999 - 8,258 7,799 7,799
0.3 - 8,538 8,079 8,079
15 logl0 1.2 - 8,114 8,313 8,316
25 - 8,400 8,599 8,601
0.999 - 8,035 8,234 8,236
0.3 - 8,304 8,503 8,505
16 modf 256.3 - 1,226 1,194 1,194
0.032 - 1,065 1,035 1,035
10000.2345 - 1,150 1,118 1,118
17  pow 2.3 4.2 17,485 17,294 17,295
45.2 -5 17,060 16,868 16,870
-4.56 -3 17,965 17,820 17,820
-85.55 476 18,237 18,076 18,078
18 sqrt 2 - 3,882 3,912 3,912
3 - 3,888 3,918 3,918
0.1 - 3,837 3,867 3,867
19 cell 0.3 - 892 908 908
-0.6 - 482 509 509
20 fabs 5 - 51 55 55
-5 - 51 55 55
21 floor 0.3 - 482 498 498
-0.6 - 893 894 894
22  fmod 111 3.2 688 750 749
500.55 0.4 921 983 982
1.05E+06 9.54E-07 1,712 1,774 1,773
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Appendix B Added Features

B.1 Features Added between Ver. 2.0 and Ver. 3.0

B.1.1 Addition of Embedded Extended Functions
1. entry Function

In H8S, H8/300 Series C/C++ compiler version 3.0 (new version) or later, #pragma entry can specify the entry function.
The entry function is executed first when the power isturned on or at reset.

The entry function enables the creation of a C/C++ program without the use of the stack pointer (SP) initial value or
assembly language embedded in a C/C++ program.

2. Section Address Operator

In H8S, H8/300 Series C/C++ compiler version 3.0 or later, operators (__sectop and __secend) that refer to the start and
end addresses of sections have been added. This enables use of the data initialization library function (_INITSCT) when
the section switching function is used.

3. packed Structure

In H8S, H8/300 Series C/C++ compiler version 3.0 or later, pack option and #pragma pack can specify the boundary
alignment of the structure member.

B.1.2  Additional and Improved Functions
1. C++ Language Function

In H8S, H8/300 Series C/C++ compiler version 3.0 or later, the compiler can compile both C and C++ language programs.
The compiler distinguishes the C and C++ language programs by option lang or by their file extensions.

2. Library

H8S, H8/300 Series C/C++ compiler Version 3.0 or later supports mathematical functions (double and float types) in the
standard library. Embedded class libraries (ios, istream, ostream, iostream, string, complex, and new) are also supported.

3. Specification of the Number of Register Parameters

In H8S, H8/300 Series C/C++ compiler version 3.0 or later, the regparam option can be used to select the number of
parameter registers.

4. Expansion of the speed Option

In H8S, H8/300 Series C/C++ compiler version 3.0 or later, subcommand speed=expression has been added for option
speed. When speed=expression is specified, inline expansion is performed for most operations instead of calling run-time
routines.

5. Support of long Type Bit Field

In H8S, H8/300 Series C/C++ compiler version 3.0 or later, the long type data bit field has been added to the supported
data type.
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6. Extension of Limited Values

In H8S, H8/300 Series C/C++ compiler version 3.0 or later, the limitation values of the following items have been
extended compared to the old version (version 2.0):

« Symbol size (version 3.0 or later: 250 characters, version 2.0: 31 characters)
« Nesting of compound statements (version 3.0 or later: 256 levels, version 2.0; 32 levels)
* Nesting of repeat statements (while, do, and for statements) (version 3.0 or later: 256 levels, version 2.0: 32 levels)

* Nesting of combinations of select statements (if and switch statements) (version 3.0 or later: 256 levels, version 2.0: 32
levels)

» Nesting of switch statements (version 3.0 or later: 128 levels, version 2.0: 16 levels)

* Nesting of for statements (version 3.0 or later: 128 levels, version 2.0: 16 levels)

e Number of charactersin oneline (version 3.0 or later: 8192 characters, version 2.0: 4096 characters)

e Memory size allocated by malloc (in advanced mode: version 3.0 or later: size t, version 2.0: INT_MAX)

7. Output of Optimized List

In H8S, H8/300 Series C/C++ compiler version 3.0 or later, symbol reference count and optimized information list output
functions have been added at the execution of the inter-module optimizer.

8. Output of Command Line
The character string specified by acommand lineis output in alist to afile.
9. Strengthening Option message

In H8S, H8/300 Series C/C++ compiler version 3.0 or later, any information message level message specified by the
message option can be excluded from being output to afile.

10. Character Code Conversion

In H8S, H8/300 Series C/C++ compiler version 3.0 or later, the Latinl option enables the Latinl code to be used in the
source code.

B.1.3 Modification of Language Specifications
1. Output of Warning Message for *((int*)p)++

In H8S, H8/300 Series C/C++ compiler version 2.0, an error message is output for *((int*)p)++. In version 3.0 or later, a
warning message is output.

2. Checking Prototype

In H8S, H8/300 Series C/C++ compiler version 2.0, if a prototype declaration without a parameter type specification and a
prototype declaration with a parameter type specification are specified at the same time, an error message is output. In
H8S, H8/300 series C/C++ compiler version 3.0 or later, correct operation is enabled in such a case.

Example of version 2.0:
void f();

void f(int); -> Error 2118 is output
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Example of version 3.0:
void f();

void f(int);

3. Description of a Bit Field without a Name at the Head of a Structure

<- Correct compilation

In H8S, H8/300 Series C/C++ compiler version 3.0 or later, abit field without a name can be written at the head of a

structure.
Example of version 2.0:
struct S{
int :1;
intal,
b
Example of version 3.0:
struct S{
int :1;
intal,

1

-> Error 2141 is output

-> Correct compilation

4. Inhibiting Errorsfrom Occurring for Structure Initial Values

In H8S, H8/300 Series C/C++ compiler version 3.0 or later, the assignment and declaration of structures can be done

simultaneously.
Example of version 2.0:
struct S{

int a,b;
}sl,;
void test()

{

struct Ss2 =<1,

<- Error 2130 is output

RENESAS
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Example of version 3.0:
struct S{
int a,b;
}sL;
union U {
int a,b;
}ul;
void test()

{

struct Ss2 = sl; <- Correct compilation
}
5. Changing the Conditions of Undefined Symbol Errorsfor the static Function

In H8S, H8/300 Series C/C++ compiler version 3.0 or later, no error message is output for unreferenced symbolsin a
static function that has only a declaration and no definition.

Example of version 2.0:
static void func(); <- Error 2143 is output unconditionally since
thereis no definition

void test()

{
}

Example of version 3.0:

static void func(); <- Since there is no reference, no error is output
void test()

{

}
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6. Enabling the Use of the// Comment in C Programs

In H8S, H8/300 Series C/C++ compiler version 3.0 or later, the // comment can be used in C programs. Therefore, the
meaning of a program in version 3.0 may differ from that of version 2.0.

Example of version 2.0:

int b=a//* Comment */4; <- The meaning of the programis*“int b = a/4; -&”
-a,

Example of version 3.0:

int b=a//* Comment */4; <- The meaning of the programis“intb=a-a;"
-

B.2 Features Added between Ver. 3.0and Ver. 4.0

B.21  Common Additionsand I mprovements
1. Loosening Limitson Values
Limitations on source programs and command lines have been greatly loosened:

e Length of file name: 251 bytes -> unlimited

e Length of symbol: 251 bytes -> unlimited

e Number of symbols: 65,535 -> unlimited

e Number of source program lines. C/C++; 32,767, ASM: 65,535 -> unlimited

e Length of C program line: 8,192 characters -> 16,384 characters

e Length of C program string literals: 512 characters -> 16,384 characters

» Length of subcommand file lines: ASM: 300 bytes, optlnk: 512 bytes -> unlimited
* Number of parameters of the optimizing linkage editor rom option: 64 -> unlimited

2. Hyphensfor Directory and File Names

A hyphen (-) can be specified for directory and file names.

3. Specification of Copyright Display

Specifying the logo/nologo option can specify whether or not the copyright output is displayed.
4. Prefix to Error Messages

To support the error-help function in Hitachi Embedded Workshop, a prefix has been added to error messages for the
compiler and optimizing linkage editor.
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B.2.2  Added and Improved Compiler Functions
1. Use of Keyword

Attributes can be specified in declarations and definitions of functions and variables by using keywords
(_ _interrupt, __indirect, _entry, abs8, absl6, _regsave, _noregsave, __inline or _ _register).

2. Creation of Vector Table

Vector tables of functions can be created automatically when vect is specified by #pragma interrupt, indirect,
entry, __interrupt, __indirect, or __entry.

3. Supports___evenaccess

Memory access in even on even-numbered byte boundaries is guaranteed for variables that are specified by __evenaccess.
4. Expanded Register Parameter Specification

__regparam2and __regparam3 can be used to specify the number of register parametersin afunction.
5. Specifies Optionsin Function Units

Options can be specified in function units by using #pragma options.

6. Allocates Data Close to Each Other

Optimizes address calculation code of arrays or structures by using __near8 or __near 16.

However, the pointer size is not changed.

7. Allocates Stacks Close to Each Other

Optimizes stack address calculation code of stack area by using stack.

8. Added Intrinsic Functions

The following intrinsic functions were added.

* Unsigned overflow operation

9. Supportsdouble=float

In the new version, double=float can be specified so that data declared as double-precision type and floating point
constants are both dealt with as floating-point type.

10. Strengthening noregsave Functions

When functions declared with #pragmanoregsave or __noregsave are called, the contents of the register are guaranteed
by the caller.

11. Specifying Multiple Sets of Include Directory by Using Environment Variables
Multiple sets of include directories can be specified by using the environment variable (CH38).
12. Allocate Structure Parameter or Return Valueto Register

Option structreg is used to allocate a small structure parameters or return valuesto registers.
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13. Allocate 4-Byte Parameter or Return Valueto Register (cpu=300)
Option longreg is used to allocate 4-byte parameters or return valuesto registers.
14. Conditionsfor Moving a Non-volatile Variable Outside a L oop

A non-volatile external variable in an iteration condition inhibits external variable optimization from moving out the loop
even though there are no function calls or assignment expressionsin an iteration condition.

15. Supporting speed=loop=1|2
Option speed=loop=1|2 controls optimization of loop expansion.
16. Modifies Data Allocation by the Boundary Alignment

Data can be reallocated for each boundary alignment so that gaps that are generated by the boundary alignment are
minimized.

17. Added Implicit Declarations
__HITACHI_ _and__ HITACHI_VERSION_ _, areimplicitly declared by #define.
18. static Label Name

The specification of label names as references to static file labels by using #pragma asm and #pragma endasm, and
#pragmainline_asm has been changed to _ _$ (name). However, in alinkage list, the name is displayed as__ (name).

19. Extension and Change of L anguage Specification

 Inhibits errors when initializing unions.
Example:

uni on{
char c[4];
uus{ {*a','b, et} )

e enum can be applied to bit fields.
Example:

struct{
enum E1{a, b, c} mlL: 2;
enum E1 nR: 2;

I
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e Theoutput of an error message when acomma*“,” iswritten after the last enumeration has been inhibited.
Example:

enum El{a, b, c, } mi;

e Anunion can be assigned and declared in a single statement
Example:

uni on Y

int a,b;
bul;

void test(){

uni on U u2 = ul;

}

« Thelevel of checking for errorsin casting of symbol address expressions has been eased.
Example:

int x;

short addr1=(short) &x;

» Redtrictions on the order of writing declaration of functions and variables, and #pragma declarationsin C programs has
been eased.

Example:

void f(void);

#pragma interrupt f

void f(void){} //#pragmadeclaration following afunction declarationis
/I valid. (In version 3, an error would have occurred.)

* Therestrictions on the order of writing declarations of functions and variables, and #pragma declarationsin
C++ programs have been modified.

Example:

void f(void){}

#pragma interrupt f

void f(void); /I Anerrorwill occur when a#pragmadeclaration follows a
/I function declaration.

» Exception processing and template functions are also supported according to the C++ language specification.
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B.2.3  Added and Improved Functionsfor the Assembler
1. External Definition and Reference of BEQU

The .BEQU symbol can be externally defined and referenced by using .BIMPORT and .BEXPORT.

B.24  Added and Improved Functionsfor the Optimizing Linkage Editor

1. Support for Wild Cards

A wild card can be specified with a section name of an input file or for file namesin start options.

2. Search Path

An environment variable (HLNK_DIR) can be used to specify the several search paths for input files or library files.
3. Subdividing the Output of L oad Modules

The output of an absolute load module file can be subdivided.

4. ChangingtheError Level

For informational, warning, and error level messages, the error level or the output can be individually changed.

5. Support for Binary and HEX

Binary files can beinput and output.

Intel® HEX-type output can be selected.

6. Output the Stack Amount Information

The stack option can output an information file for the stack analysistool.

7. Improved Optimization by optimize=variable

Variables allocated in a 16-bit absolute address space can be allocated in an 8-bit address space by applying optimization.
8. Improved Optimization by optimize=register

When option optimize=speed is not specified, the file is compressed after optimizing the saving and restoring of register
contents between functions, and replacing saving and restoring of multiple register contents with function calls.

9. Improved Optimization of Assembly Programs
Sectionsincluding .org, .align, or .data directives can be optimized.
10. Debugging Information Deletion

The strip option can be used to delete debugging information from either the load module file or the library file.
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B.3 Added and Improved Featuresin Upgradefrom Ver. 4.0 toVer. 6.0

(Note: Ver. 5.0 does not exist and is a missing number.)

B.3.1  Added and Improved Compiler Functions

a. Support for New CPU

Creation of an object file with a CPU type of H8SX is supported.

b. Support for 2-byte Pointer (only in H8SX)

The __ptr16 keyword or option ptr 16 can be used to specify use of a 2-byte pointer.

They arevalid in H8SX advanced mode or H8SX maximum mode.

c. Specifying Bit Field Order

#pragma bit_order or the bit_order option can be used to specify the order to store bit field membersin afield.
d. Function Call in Extended Memory Indirect Addressing Mode (only in H8SX)

The __indirect_ex keyword or the indirect=extended option can be used to declare functions to be called in extended
memory indirect addressing mode. Also, #pragma indirect section can modify the section name of not only $INDIRECT,
the function address area for memory indirect addressing mode (@@aa:8), but also $EXINDIRECT, the function address
areafor extended memory indirect addressing mode (@@aa:7).

e. Assembly Capability (only in H8SX)

The _ _asm keyword can be used to allow the assembly language to be used in a C/C++ source program.
f. Disabling #line Output

The noline option can be used to disable the #line output at preprocessor expansion.

g. Specifying Inline Expansion for Functions memcpy and strcpy (only in H8SX)

Thelibrary option can be used to specify inline expansion of two library functions, memcpy and strcpy.
h. Changing Error Level

The change_message option can be used to individually change the error level of information-level and warning-level
€rror messages.

i. Specifying 8-bit Absolute Area Address (only in H8SX)
Option sbr can be used to specify the address to locate the 8-bit absolute area.
j. Strengthening Optimizing Feature (only in H8SX)

The optimization details can be further specified by the following added options: opt_range, del_vacant_loop, max_unroll,
infinite_loop, global_alloc, struct_alloc, const_var_propagate, and volatile |oop
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k. Added Intrinsic Functions
The following intrinsic functions are added.

e 64-bit multiplication of H8SX (mulsu and muluu)

« Block transfer instructions of H8SX (movmdb, movmdw, movmdl, and movsd)
» Block transfer instructions (eepmovb, eepmovw, eepmovi)

e Revised ingrinsic function for MOV FPE instruction (_movfpe)

I. Support for Wild Cards

An input file can be specified with awild card.

m. Changein Compiler Limitation

The limitation in the number of switch statementsis changed from 256 to 2048.
n. Changein specification of infor mation message display

InVer. 4.0, only the last specification of all the message and nomessage options was effective in acommand line. In Ver.
6.0, the union of al the numbers specified by each nomessage option in acommand line is suppressed to display the

message.
0. Type of enum instance

If the byteenum option is specified and if al the numbersin an enum are in the range from 0 to 255, the compiler handles
the data as unsigned char.

p. Inline expansion

In H8SX, <numeric value> in the speed=inline=<numeric value> option means the percentage of increase in program
size allowed by inline expansion. In the other CPU, <numeric value> means the maximum number of nodes in afunction
allowed to perform inline expansion.

g. 1-byte-aligned Data Section and 4-byte-aligned Data Section (only in H8SX)

Specifying the align=4 option places data whose size is odd to 1-byte-aligned data section and ata whose sizeisamultiple
of 4 to 4byte-aligned data section.

r. Section Name

Changing the section name of P, C, B or D into S by the section option causes awarning error. Sisthe reserved name for
the stack area.

s. Added Implicit Declarations

__H8SXN__, _H8SXM__, _H8SXA__,__H8SXX__,__ HAS MULTIPLIER__, _HAS DIVIDER_, _
_INTRINSIC_LIB__,__ DATA_ADDRESS SIZE _,__H8 _, _RENESAS VERSION__,and__ RENESAS _
areimplicitly declared using #define directive by the compiler.

t. Reentrant library

If the reent option is specified to the library generator, areentrant library is created.
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u. Support of Little-endian Space (only in H8SX)

A little-endian space is supported depending on a chip of H8SX A 2 -or 4--byte datum in alittle-endian space should be
written and read with its own data size. In order to do so, the feature of the __evenaccess keyword is enhandced.

B.3.2 Notes on Optimizing Features of the Compiler Ver. 6.0

Notes below about optimization apply in a case where an H8SX object program is created with Ver. 6.0 optimization. For
the other cases, optimization is similar to that of Ver. 4.0 or earlier.

Adopting the newest compiler optimization technology allows the optimization processing in Ver. 6.0 to analyze aliases
for pointers or external variables and analyze data live ranges including the control flow, which were not possible so far
(in Ver. 4.0 or lower). This provides awider range of optimization than Ver. 4.0 within the limits of the language
specifications.

However, a program that was previously running because it was not optimized enough may not run because it has become
atarget of optimization.

Examples of programs that were not optimized so far but will become targets of optimization in Ver. 6.0 are shown below.
a. Accessto External Variablesor Pointer Variables without volatile Declaration

A volatile declaration guarantees that the volatile-qualified variable is accessed whenever it is used because the variable
may be updated outside the program sequence. For example. data values are changed by interrupt processing or hardware
processing.

The compiler assumes that variables without a volatile declaration are changed only by successive processing of the
program sequence or function calls.

InVer. 4.0 or earlier, external variables without a volatile declaration were optimized as shown in the example below:
Example:
int a;
() {
int *ptr=&a;
*ptr=1; //<-Only thisassignment expression is eliminated.
*ptr=2;
}
InVer. 6.0, optimization is further performed in the cases below.

To disable the optimization, declare the relevant variable with volatile.
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Example 1:

int a;

fO) {
int *ptr=&a;
*ptr &= ~( (0x0080) ); //<- (1)
while( !'( *ptr & (0x0080) ) ) //<- (2)

{

}

In this example, while statement (2) has become an infinite loop as aresult of optimization.

. Dueto alias analysis of the pointer, *ptr in (1) and * ptr in (2) are handled as the same value.

. Expression (1) is propagated to expression (2). Accordingly, expression (2) is converted as follows:
while( !'( (*ptr & ~( (0x0080) )) & (0x0080) ) ) //<- (2)

-> while(!(*ptr & 0))

-> while(!(0))

-> while(1)

Therefore, the expression in question is judged as true, the judge statement is eliminated, and the above while statement
becomes an infinite loop.

Example 2:

int a,b;

fO) {
a=1; //<- (1)
if(a); /1< (2)
{

b=1: //<- (3)
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In this example, if statement (2) has been eliminated and (3) is always executed at all times asaresult of optimization.

* Dueto aliasanalysis of external variables, ain (1) and ain (2) are handled as the same value.
e Constant value (1) is propagated to expression (2). Accordingly, expression (2) is converted as follows:

+> if(1)

Therefore, the expression in question is judged as true, the conditional statement is eliminated, and the above expression
(3) isalways executed at all times.

Example 3:

int a,b,c;

() {
a=1; //<- (1)
if(c); /1< (2)
{

b=1; //<- (3)

}
a=2; //<- (4)

}

In this example, expression (1) has been eliminated as aresult of optimization.

« Obtainsthe control flow including the conditional of theif statement expression.

» Dueto analyzing the control flow analysis and alias analysis of external variables, it is proved that the value set in ain
(1) isnot used. Therefore, the above expression (1) is aredundant expression that is not referenced, and thusit is
eliminated.

Example 4:

int a;

int b[10];

f() {
int i; //<- (1)
for(i=0; i<10; i++) //<- (2)
{

bli]l=a; //<- (3)
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In this example, ain expression (3) is referenced once before the loop and is always handled as a constant value in the
loop as aresult of optimization.

e Obtainsthe control flow including the for loop control expression.

» Dueto analyzing the control flow analysis and alias analysis of external variables, ain (3) is handled as a constant
value in the loop.

« (3) whichisthereference expression to ais moved outside the for 1oop (2) asfollows:
t enp=a;
for(i=0; i<10; i++) //<- (2)
{
bli]=tenp; //<- (3)
}
Therefore, the variable ain expression (3) is unchanged in the loop.
Example 5:
int a;
() {
a=0; //<- (1)
while(l); //<- (2)
}
In this example, the statement (1) is assumed as unnecessary and eliminated as a result of optimization.

« Since (2) isaninfinite loop, this function is judged to have no exit.
e Sinceaisnot referenced in theinfinite loop, specification (1) is assumed as unnecessary coding and is eliminated.

b. volatile loop Option

If the loop control variable is a non-volatile external variable and also the conditional expression issimple, the
volatile_loop option regards the loop control variable as volatile qualified to prevent an infinite loop from being created.
However, if the loop control variable is not loop-invariant, it cannot be treated as volatile-qualified.

In Ver. 6.0, declare the relevant variable with volatile.
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An example program is given below.
Example:
struct {
unsi gned char a:1;
} ST
int a;
extern void f();
void func() {
while (ST.a) { //<-(1)
if (a) { //<-(2)

f(); 11<-(3)

}

In this example, because ST.amay be updated in f(), ST.ais not assumed as loop-invariant value in the loop. Therefore,
ST cannot be treated as volatile even though specified so with the volatile_loop option.

« If the condition in (2) is satisfied, (3) is executed and the ST.a value may be updated.
Accordingly, after the function call, ST.aisto be reloaded.

« If the condition in (2) is not satisfied, the ST.avalueis not updated so the ST.avalue used in the previous conditional
at (1) can be directly used.

B.3.3  Compatibility between Ver. 4.0 and Ver. 6.0

To link an object program created by Ver. 4.0 with an object program created by Ver. 6.0, the following conditions need to
be satisfied.

(1) C source program
The following options that affect function interface must be specified equally.

e regparam
« longreg/nolongreg

e double=float

e dtructreg/nostructreg
e stack

e byteenum

e pack/unpack

Rev.3.00 2005.09.12 B-28
REJO5B0464-0300
RENESAS



Appendix B Added Features

(2) Assembly program

An assembly program must conform to the rules concerning function call, which are described in section 9.3.2, Function
Calling Interface, in the H8S,H8/300 Series C/C++ Compiler, Assembler, Optimizing Linkage Editor User’s Manual.

Notes: 1. For information not mentioned in the manual, the compatibility with an upgraded version is not guaranteed. An
object program created by Ver. 4.0 cannot be linked with an object program created by Ver. 6.0 if one or both
of the object programs contain assembly coding which depends on the compiler output coding, such asthe
order to save and restore register contents.

2. For details on linkage with an OS, middleware, and so on, contact your sales agency.
B.4. Added and Improved Featuresin Upgradefrom Ver. 6.0to Ver. 6.1

B.4.1  Added and Improved Compiler Functions

a. Support for AES

AES5 is supported.

b. Enhanced Conformance with the ANSI Standard

strict_ans brings the associative rule of floating-point operations into conformance with the ANSI standard.
¢. Compatibility of Output Object Code with Object Code Produced by Ver. 4.0

With H8S CPUs, legacy=v4 supports the output of object code which is compatible with that produced by earlier versions
of the compiler (Ver.4.0).

d. Expanded Specifications of cpuexpand=v6 Specified with legacy=v4

When cpuexpand=v6 is specified with legacy=v4, output object code is compatible with object code produced by Ver.
6.00 and the cpuexpand option.

e. Preferential Allocation of Register Storage Class Variables

enable register preferentially alocates the variables with register storage class specification to registers.

f. Division of Optimizing Ranges

scope/noscope can be specified to select whether or not to divide up ranges for optimization within functions.
g. Inter-file Inline Expansion

file_inlineis used to specify inline expansion for functions that extend across files and file_inline_path is used to specify
the path name of afile for inline expansion.

h. Added Intrinsic Function
Intrinsic function set_vbr isused to set the VBR.
i. #pragma address

#pragma addr ess can be used to allocate variables to specific absolute addresses.
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j. Support for .stack Directive

When code=asmcode has been specified, the compiler outputs a .stack directive within the assembly-source program.
k. Added Environment Variable

Environment variable CH38SBR can be used to set initial values for the SBR.

|. Added Implicit Declarations

Implicit declarationof _ _AE5 _and __ABSI16 _ have been added.

B.4.2 Notes on Optimizing Features of the Compiler Ver. 6.01

Notes below about optimization apply in a case where an H8SX and H8S (without the legacy=v4 option) object program
is created with Ver. 6.01 optimization. For the other cases, optimization is similar to that of Ver. 4.0 or earlier.

Adopting the newest compiler optimization technology of H8SX and H8S allows the optimization processing in Ver. 6.01
to analyze aliases for pointers or external variables and analyze data live ranges including the control flow, which were not
possible so far (in Ver. 4.0 or edlier). This provides awider range of optimization than Ver. 4.0 within the limits of the
language specifications.

So especialy when a devel opment of H8S has been done with H8C Ver.6.0 and the project will be updated to Ver.6.01,
the generated code will be for different from that of the old project because of the new optimization technology described
above.

However, a program that was previously running because it was not optimized enough may not run because it has become
atarget of optimization.

Examples of programs that were not optimized so far but will become targets of optimization in Ver. 6.01 are shown
below.

a. Accessto External Variablesor Pointer Variables without volatile Declar ation

A volatile declaration guarantees that the volatile-qualified variable is accessed whenever it is used because the variable
may be updated outside the program sequence. For example, data values are changed by interrupt processing or hardware
processing.

The compiler assumes that variables without a volatile declaration are changed only by successive processing of the
program sequence or function calls.

InVer. 4.0 or earlier, external variables without a volatile declaration were optimized as shown in the example below:

Example:

int &

f0{
int *ptr=& a;
*ptr=1; //<- Only this assignment expression is eliminated.
*ptr=2;

}

In Ver. 6.01, optimization is further performed in the cases below.

To disable the optimization, declare the relevant variable with volatile.

Rev.3.00 2005.09.12 B-30
REJO5B0464-0300
RENESAS



Appendix B Added Features

Example 1:

inta

f0 {
int *ptr=& a;
*ptr &= ~((0x0080) ); //<- (1)
while( !( *ptr & (0x0080) ) ) //<- (2)
}

}
}

In this example, while statement (2) has become an infinite loop as aresult of optimization.

* Dueto alias analysis of the pointer, *ptr in (1) and *ptr in (2) are handled as the same value.
« Expression (1) is propagated to expression (2). Accordingly, expression (2) is converted as follows:
while( ! ( (*ptr & ~( (0x0080) )) & (0x0080) ) ) //<- (2)
-> while(!(*ptr & 0))
-> while(!(0))
->while(1)

Therefore, the expression in question is judged as true, the judge statement is eliminated, and the above while statement
becomes an infinite loop.

Example 2:
int ab;
f0 {
a=1; /I<- (1)
if(@); //<- (2)
{
b=1; //<- (3)
}
}

In this example, if statement (2) has been eliminated and (3) is always executed at all times asaresult of optimization.

* Dueto aliasanalysis of external variables, ain (1) and ain (2) are handled as the same value.
e Constant value (1) is propagated to expression (2). Accordingly, expression (2) is converted as follows:
->if(2)

Therefore, the expression in question is judged as true, the conditional statement is eliminated, and the above expression
(3) isaways executed at all times.
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Example 3:

int a,b,c;
fO{
a=1; /l<- (1)
if(c); II<- (2)
{
b=1; //<- (3)
}
a=2; lI<- (4)
}

In this example, expression (1) has been eliminated as a result of optimization.

« Obtainsthe control flow including the conditional of theif statement expression.
* Dueto analyzing the control flow analysis and alias analysis of external variables, it is proved that the value set in ain

(1) isnot used. Therefore, the above expression (1) is aredundant expression that is not referenced, and thusit is
eliminated.

Example 4:

int &
int b[10];
fO{
inti; //<- (1)
for(i=0; i<10; i++) //<- (2)
{
bli]=a; //<- (3)
}
}

In this example, ain expression (3) is referenced once before the loop and is always handled as a constant value in the
loop as aresult of optimization.

» Obtainsthe control flow including the for loop control expression.

« Dueto analyzing the control flow analysis and alias analysis of external variables, ain (3) is handled as a constant
value in the loop.

* (3) which isthereference expression to ais moved outside the for 1oop (2) as follows:

temp=g,

for(i=0; i<10; i++) //<- (2)

{

b[i]=temp; //<- (3)

}
Therefore, the variable aiin expression (3) is unchanged in the loop.
Example 5:
int &
fO{

a=0; //<- (1)

while(1); //<- (2)
}
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In this example, the statement (1) is assumed as unnecessary and eliminated as aresult of optimization.

« Since (2) isaninfinite loop, this function is judged to have no exit.
e Sinceaisnot referenced in theinfinite loop, specification (1) is assumed as unnecessary coding and is eliminated.

b. volatile loop Option

If the loop control variable is a non-volatile external variable and also the conditional expression issimple, the
volatile_loop option regards the loop control variable as volatilequalified to prevent an infinite loop from being created.
However, if the loop control variable is not loop-invariant, it cannot be treated as volatile-qualified.

In Ver.6.01, declare the relevant variable with volatile.
An example program is given below.
Example:

struct{
unsigned char a:1;
} ST,
inta;
extern void f();
void func() {
while (ST.a) { //<- (1)

if () { //<- (2)
f(); //<- (3)

}
}

In this example, because ST.amay be updated in f(), ST.ais not assumed as loop-invariant value in the loop. Therefore,
ST cannot be treated as volatile even though specified so with the volatile |oop option.

« If the condition in (2) is satisfied, (3) is executed and the ST.a value may be updated. Accordingly, after the function
cal, ST.aisto be reloaded.

« If the condition in (2) is not satisfied, the ST.avalueis not updated so the ST.a value used in the previous conditional
at (1) can bedirectly used.

B.43  Compatibility between Ver. 4.0 and Ver. 6.01

To link an object program created by Ver. 4.0 with an object program created by Ver. 6.01, the following conditions need
to be satisfied.

(1) C sourceprogram
The following options that affect function interface must be specified equally.

e regparam
« longreg/nolongreg

e double=float

e structreg/nostructreg
e stack

e byteenum

e pack/unpack
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(2) Assembly program

An assembly program must conform to the rules concerning function call, which are described in section 9.3.2, Function
Calling Interface in the H8S,H8/300 Series C/C++ Compiler, Assembler, Optimizing Linkage Editor User’s Manual.

Notes: 1. For information not mentioned in the manual, the compatibility with an upgraded version is not guaranteed. An
object program created by Ver. 4.0 cannot be linked with an object program created by Ver. 6.01 if one or both
of the object programs contain assembly coding which depends on the compiler output coding, such asthe
order to save and restore register contents.

2. For details on linkage with an OS, middleware, and so on, contact your sales agency.
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Appendix C Noteson Version Upgrade

This section describes notes when the version is upgraded from the earlier version (H8S, H8/300 Series C/C++ Compiler
Package Ver. 4.x or lower).

Cl Guaranteed Program Operation

When the version is upgraded and program is developed, operation of the program may change.
When the program is created, note the followings and sufficiently test your program.

(1) Programs Depending on Execution Timeor Timing

C/C++ language specifications do not specify the program execution time. Therefore, a version difference in the compiler
may cause operation changes due to timing lag with the program execution time and peripherals such asthe 1/O, or
processing time differences in asynchronous processing, such asin interrupts.

(2) ProgramsIncluding an Expression with Two or More Side Effects
Operations may change depending on the version when two or more side effects are included in one expression.
Example

a[i++]=b[i ++]; /* i increment order is undefined. */

f(i++,i++) ; / * Parameter value changes according to increment order. */

/* Thisresultsin f(3, 4) or f(4, 3) whenthevaueof i is3. */

(3) Programswith Overflow Resultsor an Illegal Operation

The value of theresult is not guaranteed when an overflow occurs or an illegal operation is performed. Operations may
change depending on the version.

Example

int a, b;
x=(a*b)/10; /* Thismay cause an overflow depending on the value range of aand b. */

(4) Nolnitialization of Variablesor Type Inequality

When avariable is not initialized or the parameter or return value types do not match between the calling and called
functions, an incorrect value is accessed. Operations may change depending on the version.

File 1. File2:

The parameter of the caller function
int f(double d) int g(void) is the int type, but the parameter of
{ { the callee function is the double

f(1); type. Therefore, a value cannot be
correctly referenced.correctly
) } referenced.

The information provided here does not include all cases that may occur. Please use this compiler prudently, and
sufficiently test your programs keeping the differences between the versionsin mind.
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C.2 Compatibility with Earlier Version

The following notes cover situations in which the compiler (Ver. 3.x or lower) is used to generate afile that is to be linked
with files generated by the earlier version or with object files or library files that have been output by the assembler (Ver.
2.x or lower) or linkage editor (Ver. 6.x or lower). The notes also covers remarks on using the existing debugger supplied
with the earlier version of the compiler.

(1) Object Format

The standard object file format has been changed from SY SROF to ELF. The standard format for debugging information
has also been changed to DWARF2. When object files (SY SROF) output by the earlier version of the compiler (Ver. 3.x
or lower) or assembler (Ver. 2.x or lower) are to be input to the optimizing linkage editor, use a file converter to convert it
to the ELF format. However, relocatable files output by the linkage editor (extension: rel) and library files that include one
or more relocatable files cannot be converted.

(2) Paint of Origin for Include Files

When an include file specified with arelative directory format was searched for, in the earlier version, the search would
start from the compiler’ s directory. In the new version, the search starts from the directory that contains the source file.

(3) C++ Program

Since the encoding rule and execution method were changed, C++ object files created by the earlier version of the
compiler cannot be linked. Be sure to recompile such files. The name of the library function for initial/post processing of
the global class object, which is used to set the execution environment, has also been changed. Refer to section 9.2.2,
Execution Environment Settings, and modify the name.

(4) Aboalition of Common Section (Assembly Program)

With the change of the object format, support for acommon section has been abolished.
(5) Specification of Entry via .END (Assembly Program)

Only an externally defined symbol can be specified with.END.

(6) Inter-module Optimization

Object files output by the earlier version of the compiler (Ver. 3.x or lower) or the assembler (Ver. 2.x or lower) are not
targeted for inter-module optimization. Be sure to recompile and reassemble such files so that they are targeted for inter-
modul e optimization.
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Appendix D List of Limitations

The H8S and H8/300 C/C++ compiler version6.01 has the following limitations:

No Category Item Limitation
1 Compiler startup Number of source programs that can be compiled in a single No limitation **
operation
2 Total number of macro names that can be specified in define option No limitation
3 File name length No
limitation(depends on
the OS)
4 Number of source  Length of a line 32768 characters
program lines (H8SX/H8S)
16384 characters
(300H,300)
5 Number of source program lines per file No limitation
6 Number of compilable source program lines No limitation
7 Preprocessor Depth of file nesting levels created by #include statement No limitation
8 Total number of macro names defined by the #define statement No limitation
9 Number of parameters specifiable in macro definitions and macro No limitation
calls
10 Number of macro name replacements No limitation
11 Depth of nesting levels for the #if, #ifdef, #indef, #else, and #elif No limitation
statements
12 Total number of operators and operands specifiable in the #if or No limitation
#elif statements
13 Declarations Number of function definitions No limitation
14 Number of externally linked identifiers (external names) No limitation
15 Number of identifiers (internal names) that can be used in a function No limitation
16 Total number of declarations in the pointer type, the array type and 16 declarations
the function type which qualify the base type
17 Number of array dimensions 6 dimensions
18 Size of arrays or structures *?
H8SX normal mode, 65535 bytes

H8S/2600 normal mode,
H8S/2000 normal mode,
H8/300H normal mode,
H8/300

H8SX middle mode, 32767 bytes
H8SX advanced mode(with ptrl6 option),
H8SX maximum mode(with ptrl6 option)

H8/300H advanced mode 16777215 bytes
H8SX advanced mode(without ptrl6 option), 2147483647 bytes
H8SX maximum mode(without ptrl6 option), 4294967295

H8S/2600 advanced mode,

(if legacy=v4 is
H8S/2000 advanced mode

specified)bytes
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No Category Iltem Limitation
19 Statements Depth of compound statement nesting levels No limitation
20 Depth of nesting levels when iterative statements (while, do, and for 4096 levels
statements) and select statements (if and switch statements) are (H8SX/H8S)
combined
256 levels
(300H/300)
21 Number of goto labels specifiable in a function 2147483646 labels
(H8SX/H8S)
511 labels(300H/300)
22 Number of switch statements 2048 statements
23 Depth of nesting levels for switch statements 2048 levels
(H8SX/H8S)
128 levels
(300H/300)
24 Number of case labels 2147483646 labels
(H8SX/H8S)
511 labels(300H/300)
25 Depth of nesting levels for the for statements 2048 levels
(H8SX/H8S)
128 levels
(300H/300)
26 Expressions Length of a character string 32766 characters
27 Number of parameters specifiable in function definitions or function 2147483646
calls parameters
(H8SX/H8S)
63 parameters
(300H/300) *°
28 Total number of operators and operands specifiable in an Approx. 500

expression

29 Standard includes

Number of files that can be opened at once using the open function Variable **

Notes: 1. For PC, upto 127 characters can be input due to the command line limitation.

2. Inthe advanced mode, if a bit width for the address space is specified, the size of the address space

corresponding to the specified bit width takes precedence.
3. In the case of a non-static function member, the maximum number is 62.

4. The number of files that can be opened at once using the open function can be specified.
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TableE.1 ASCI| Code Table

Upper four bits

Appendix E ASCII Code Table

Lower four bits 0 1 2 3 4 5 6 7
0 NULL DLE SP 0 @ P p
1 SOH DC1 ! 1 A Q a q
2 STX DC2 2 B R b r
3 ETX DC3 # 3 C S c S
4 EOT DC4 $ 4 D T d t
5 ENQ NAK % 5 E U e u
6 ACK SYN & 6 F \% f \Y
7 BEL ETB 7 G w g w
8 BS CAN ( 8 H X h X
9 HT EM ) 9 | Y i y
A LF SUB * J Z j z
B VT ESC + K [ k {
c FF FS , < L \ [ |
D CR GS - = M ] m }
E SO RS > N N n ~
F Sl usS / ? (0] o] DEL
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