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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.




1RENESAS APPLICATION NOTE

SuperH RISC engine C/C++ Compiler Package
APPLICATION NOTE: [Compiler Use guide] Option Guide

This document explains the compiler options available in version 9 of the SuperH RISC
engine C/C++ compiler.
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REN ESAS APPLICATION NOTE

1. Optimization Options

The compiler optimization options include three basic options (Optimize for speed, Optimize for size, and, Optimize
for both speed and size) and advanced options, which are used to specify optimization settings in greater detail. Section
1.1 explains the basic options and the advanced options for each. Section 1.2 explains advanced options available for
improving performance.

Note that the expanded assembly code examples in this document were obtained by specifying code=asmcode and
cpu=sh2. This code might vary depending on the specification of the cpu option (H-1, SH-2, SH-2E, SH-3, or SH4).
The code is also subject to change if the compiler is improved in the future. Accordingly, you should use these code
examples for reference only.

1.1 Basic options (Optimize for speed, Optimize for size, Optimize for both speed and
size)
The compiler performs two types of optimization: reduction of the object size and reduction of the execution time. If

execution speed is the priority, specify the speed option. If size is the priority, specify the size option. If you want to
balance speed and size, specify the nospeed option, which is the default.

The following explains these options:

speed option:
Performs optimization that reduces execution time but increases object size, as well as performing optimization that
reduces both execution time and object size.

size option:
Performs optimization that reduces object size but increases execution time, as well as performing optimization that
reduces both execution time object size.

nospeed option;
Performs optimization that reduces both execution time and object size.

In an ideal situation, the functions for which speed is the priority and the functions for which size is the priority are stored
in separate files, so that the optimization type (speed first or size first) can be selected for each file.

Format:

SPeed
Slze
NOSPeed
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REN ESAS APPLICATION NOTE

Option settings in High-Performance Embedded Workshop (Renesas IDE hereafter):

SuperH RISC eneine Standard Toolchain 2x|
Configuration : Tonlchain Option |
|S|mDebug_SH—2 = Categary : IOptimize x|

E--@ Al Loaded Projects Optimize :

EI@ test - —
B3 © zource file Ion =l Details.. |

Speed or zize

----- E] dbecte — -
_____ 5| intpre.c 0|:ut|m.|ze for zize ;I
----- 5] lowsrce e ntm
resetprec ptimize for both speed and size
SR TETTIIT ¥ ar Tdome=

----- =] sbrkc
t 3

I More :I I P;tn LI

..... =] vectthle Ghr relative operation : Shift operation :
----- [ ] Default Options |P.utu:| :I IDefauIt LI
[ G+ source file Unaligned maove : Transfer code development :

20 Assembly sour

co (T 1 L

I Default j I Default ;I

O/ptimize for speed (speed),
Optimize for size (size), or

Optimize for both speed and size nshgiogf: =" BICONFIGDIRMEFILELEAF) obj" ~debue -
@speed) can be selected. S s : e ﬂ

ebr=auto -macsave=0 -cheincpath —errorpath -
I I

al_volatile=0 —opt_range=all -infinite_loop=0 -

] 4 I Cancel |

REJ06J0028-0100/Rev.1.00 September 2007 Page 3 of 49



*LENESAS

APPLICATION NOTE

Supplementary note:

The execution speed on production machines depends not only on the code generated by the compiler, but also on the
memory architecture, the cache hit rate, interrupts, and other factors. Consequently, specifying the speed option might
not always generate the fastest code. Make sure that you check the results of the options described in this document by
executing them on production machines.

The defaults of some advanced compiler optimization options depend on the selected basic option. Table 1-1 lists the
advanced options whose defaults depend on the selected basic option.

Table 1-1 Basic options ("nospeed"”, "size", and "speed") and default advanced options

No. Functionality ?gsg i?t()j size speed See section
1 |Automatic inline expansion noinline noinline Inline 1.1.1
2 |Loop unroll noloop noloop loop 1.1.2
3 | Shift-operation expansion Instruction | Run-time routine call |Instruction 1.1.3
expansion expansion

4 | Transfer-code expansion Instruction | Run-time routine call |Instruction 1.1.4
expansion expansion

5 |Method of division (microcomputer | Instruction | Run-time routine call |Instruction 1.1.5
other than SH-1) expansion expansion

6 |Unaligned data transfer Instruction | Run-time routine call | Instruction 1.1.6
expansion expansion

7 |Expansion of constant loading Literal data |Literal data reference |Instruction 1.1.7
instructions reference expansion

The following describes the advanced options listed above.

111 Automatic inline expansion
Specifies whether to automatically perform inline expansion of functions.

When the inl ine option is specified, the compiler automatically performs inline expansion. The user is able to use
inline=<numeric-value>, to specify the allowed increase in the program’s size due to the use of inline expansion. For
example, when inline=50 is specified, inline expansion will be applied until the program has grown to 150% of its
size (gain of 50%).

The compiler performs automatic inline expansion by starting with the smallest of the called functions. Note that for the
functions in which #pragma inline is specified, inline expansion is always performed regardless of the specification
of the automatic inline expansion option. Also note that the upper limit on the size that the compiler uses for automatic
inline expansion includes the increases in size resulting from inline expansion of #pragma inline.

When the noinl ine option is specified, automatic inline expansion is not performed.
Note that automatic inline expansion is not performed for the following functions:

e Functions that have variable parameters
e Functions that perform a call via the address of a function that will be expanded

For details about inline expansion, see 1.2 Performs inline expansion of functions in the manual SuperH RISC engine
C/C++ Compiler Package APPLICATION NOTE: [Compiler Use guide] Extended Specifications.

Format:

INLine [= numeric-value] : The default advanced option used when "'speed" is selected. The default value
is 20.

NOINLine : The default advanced option used when "'size"" or ""nospeed™ is selected.
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1RENESAS

APPLICATION NOTE

Option settings in Renesas IDE:

SuperH RISG engine Standard Toolchain
Toalchain Option |

Configuration :
| SimDebug_5H-2

[

EI--J@ All Loaded Projects
- test

B9 G source file
----- E] dbecte
----- E| intpre.c
----- % lowzre.c
resetprec
----- % shrk.c

----- =] wecttble

----- [ ] Default Options
120 G+ gource file
#-20 Assembly source file
-7 Linkage symbol file

optimize |

|

| Categary

Optimize :

i

Iu:un
Speed or zize -

IOptimize for size

[~ Generate file for inter-module optimization

Optimization for access to

external variables : Switch statement :

INnne j IP.utn ;I
Gbr relative operation : Shift operation :

I Buto :I I Default LI
Unaliened move : Tranzfer code development

I Default =l I Default =]

Options GAG+H :

2|

-cpu=zh2 -object="$CONFIGDIRME(FILELEAF .ob)" ~debue -
zize —ghr=auto -maczave=0 -cheincpath —errarpath -
global_volatile=0 -opt_range=all -infinite_loop=0 -

:

Cahcel

[ o |

Optimize details

—

Inline file path :

Iline | Global variables | Miscellaneous |

Figure 1-2

Automatic inline expansion: Custom

Specification of maximum increase in size

as a percentage allowed in automatic

inline expansion.

Cancel |

Figure 1-3
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REN ESAS APPLICATION NOTE

Inline expansion requires that the definitions of functions to be expanded can be referenced at compile time. Therefore, in
normal inline expansion, only functions that are in the same file can be expanded. If it is necessary to expand functions
located in different files, inter-file inline expansion options (Fi le_inline=file-name[, - . . ]) must be specified.
Note that if extern functions that have the same name are defined in multiple files that are specified for inter-file inline
expansion, the compiler does not guarantee the result, since one of the function definitions is selected arbitrarily.

If the source file is specified for inline expansion, the compiler excludes the file from inline expansion and outputs the
following warning message:

C1315 (W) File_inline file-name ignored by same Ffile as source file

Option settings in Renesas IDE:

In the SuperH RISC engine Standard Toolchain dialog box, on the C/C++ tab, select Optimize from the Category
drop-down list, and click Details (Figure 1-2). In the displayed dialog box, shown below, specify the settings as follows.

Optimize details d |
Glnbal warisbles | Mizcelaneous |

Ihline file path :
HR T —— i (||
Bemove | ~—

Click this button to
specify an inline
expansion file.

futomatic inline expanzion : IDefauIt vl
e : I 205

Ok I Cancel

Figure 1-4

Example:

Source code
<a.c>
void func(void)

{
90;
3

<b.c>

#pragma inline (g)
void g(void)

{

hQ:;
3

file_inline=<source image after a.c is expanded when b.c is specified>
void func(void)

{
hQO;
3
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REN ESAS APPLICATION NOTE

The File_inline_path option is useful when you specify files that are located in folders other than the current
folder for inter-file inline expansion. If you specify the names of these folders beforehand in the
file_inline_path=path-name[, - . . ] format, you do not need to specify the path names of the target files.

The compiler searches the folders specified in the File_inline_path option for the target files, and then searches
the current folder.

Option settings in Renesas IDE:

SuperH RISC eneine Standard Toolchain 2x|
Configuration : GG+ lﬁssembly | Link/Library | Standard Library | CPU | Ceb 4 I 'I
ISlmDebug_SH—2 LI | Categary ISnurce :I |

EI--J@ All Loaded Projects

E‘@ test

B0 G source file | |File inline path =l |

00 G+ sorce file TR |
B[ Assembly source file

-] Linkage symbol file Inisert... |
Bemove |
Mawve up |

[mwve dawn |

Show entries for

Options GAG+H :
-cpu=zh2 ~file_inline_path="$(PROJOIRY" - ﬂ

ohject="FICONFIGDIRYEFILELEAF) abj™ -debug —ebr=auta -
macsave=ll -chgincpath —errorpath —glabal_volatile=0 -

Figure 1-5
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REN ESAS APPLICATION NOTE

1.1.2 Loop unroll
Specifies whether to perform loop unrolling.

Specifying the Ioop option enables loop expansion optimization. For details about loop expansion optimization, see 4.1
Reducing the number of times a loop is repeated in the manual SuperH RISC engine C/C++ Compiler Package
APPLICATION NOTE: [Compiler use guide] Efficient programming techniquesCompiler.

You can use the max_unrol I=numeric-value (numeric-value: 1-32) option to specify the maximum number of loop
expansions. If loop expansion optimization is enabled, the option default is 2. If loop expansion optimization is disabled,
the max_unrol I specification is ignored.

Format:

LOop : The default advanced option used when the basic option is *'speed™ is selected. The default
value is 2.
NOLOop : The default advanced option used when the basic option is *'size'* or ""nospeed™ is specified.

Option settings in Renesas IDE:

SuperH RISG eneine Standard Toolchain 2=
Cionfiguration : TG+ ITl:unIchain Ciption |

IDhry21 j | Categary : IOther j|
=3 All Loaded Projects

= dhry2?
B9 G zource file

Mizcellaneous options :

[CExpand return walue to 4 bvte
;i.l:l op unrolling

..... % c []fpproximate a floating-point constant division -
----- 5] hw21 dhry 1 1| | _>|_I

----- =] w21 _dhry 2

----- g] intpre.c

----- =] lowsrce

----- % resetpre.c

----- % shrk.c

----- % vecttblc

----- :] Default Options
-0 G+ source file
F- Azsembly source file
-7 Linkage symbol file

Uzer defined options :

~logo

Options GAC++ :
-cpu=sh2 -preinclude="${FILEDIR¥eregister k™ — ﬂ

object="$CONFIGDIREFILELEAF ) ob]” —debug -
liztfile="${COMNFIGDIRM S (FILELEAFYIzt™ —show=tab=4 —zpeed

814 I Cahcel |

Figure 1-6
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REN ESAS APPLICATION NOTE

To specify the maximum number of loop expansions, click the Compiler tab in the SuperH RISC engine Standard
Toolchain dialog box. Then select Optimize from the Category drop-down list, and click Details (Figure 1-2). In the
displayed dialog box, shown below, specify the settings as follows.

Optimize details d |
Inline | Global varisbles

[~ Delete vacant loop

Specify maximum unrall factar @ | [Nl

Load constant value as : IDefauIt vl

v &llocate resisters to struct/union members

When Custom is selected,
the number of loop expansion
levels can be set.

[~ Software pipelitine
[~ Mot divide the optimization range

Ok I Cancel

Figure 1-7
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REN ESAS APPLICATION NOTE

1.1.3 Shift-operation expansion
You can select whether shift operations are to be expanded into instructions or treated as run-time routine calls.

If inline (instruction expansion) is specified, shift operations are always expanded into instructions. If runtime
(run-time routine call) is specified, the processing differs depending on the number of instructions into which the
operation will be expanded. If the number of instructions will exceed 5, the operation is treated as a run-time routine call.
If the number of instructions will not exceed 5, the operation is expanded into instructions.

Format:

SHIft =Inline  : The default advanced option used when the basic option is *'speed” or "*nospeed"".
Runtime : The default advanced option used when the basic option is "'size™.

Option settings in Renesas IDE:

SuperH RISG eneine Standard Toolchain 2=
Configuration : Toolchain Option |

|SimDebug_S5H-2 =l | Gateeory : |Optimize [ |
E--@ Al Loaded Projects Optimize :

EI@ test oot
= hd tails.. |
B2 & source file |-:-n =l Details:

Speed or size :

----- S| dbzctc — -
:I e IOpt|m|ze for zize ;I

..... =] lowsres [~ Generate file for inter—module optimization

..... E Optimization for access to .

_____ % rsisrztgrg.c g}lc:lternal variables : Switch statement :

..... Bltestc |None =] |P.utu:| x|

..... % wechble Gbr relative operation : Shift operation :

----- :] Default Options IP.utn j Default LI
B G+ source file Unaligned maove : Default
F- Azsembly source file D

efault - H

-] Linkage symbol file I = [Funtime

Options GAC++ :
-cpu=sh2 -object="$CONFIGDIRASFILELE AR ob” —debug - ﬂ

zize —ghr=auto -maczave=0 -cheincpath —errarpath -
global_volatile=0 -opt_range=all -infinite_loop=0 -

(0] 4 I Cancel |

Figure 1-8
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1RENESAS

APPLICATION NOTE

Example:

Source code:
int var;

void f(void)
{

var >>= 11;

}

Expanded assembly code (shift=inline specified)

_F:
MOV.L
MOV.L
SHLR8
SWAP _W
EXTS.B
XTRCT
SHAR
SHAR
SHAR
RTS
MOV.L

L11:
-RES.W
.DATA.L

L11+2,R5 ; _var
@R5,R2 ; var
R2

R2,R2

R2,R6

R6,R2

S L11:

: Expanded assembly code (shift=runtime specified)

STS.L
MOV.L
MOV.L
JSR

MOV.L
LDS.L
RTS

MOV.L

-DATA.L
-DATA.L

PR,@-R15

L11,R5 5 _var

L11+4,R2 ; _ sta_sftrall
@R2

@R5,R0O ; var

@R15+,PR

RO, @R5 ; var

_var

__sta_sftrall

REJ06J0028-0100/Rev.1.00
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REN ESAS APPLICATION NOTE

1.14 Transfer-code expansion

You can select whether the transfer code of a structure, array, or class is expanded into instructions or treated as a
run-time routine call.

If inline is specified, transfer code is always expanded into instructions. If runtime is specified, the processing
differs depending on the number of instructions into which the code will be expanded. If the code can be copied with two
pairs of load/stores (4 instructions), the code is expanded into instructions. If the code cannot be copied with two pairs of
load/stores (4 instructions), the code is treated as a run-time routine call.

Format:

BLOckcopy = Inline : The default advanced option used when the basic option is "'speed™ or
""nospeed".
Runtime : The default advanced option used when the basic option is *'size™.

Option settings in Renesas IDE:

SuperH RISG eneine Standard Toolchain 2=
Cionfiguration : TG+ ITl:unIchain Ciption |

|SimDebug_S5H-2 =l | GCateeory :  |Optimize =l |
E--@ Al Loaded Projects Optimize :

EI@ test oot
= hd tails.. |
B2 & source file |-:-n =l Details:

Speed or size :

----- E] dbzctc — -
..... ; e IOpt|m|ze for size LI
lowsrce [~ Generate file for inter-module optimization
..... = Optimization for access to .
..... % ;Zsrztgrg.c g}lc:lternal variables : Switch statement :
i y INnne :I IP.utn LI
..... =] wecttble Ghr relative operation : Shift operation :
----- [ ] Default Options IP.th =] IInIine =]
B G+ source file Unaligned maove : Transter code development :
F- Azsembly source file IDefauIt LI Default LI

-] Linkage symbol file Default
Funtime

Options GAC++ :
-cpu=sh? —ohject="$CONFIGDIRESFILELEAF ob)™ —debug - ﬂ

zize —ghr=auto —zhift=inline -macsave=0 -cheincpath —errorpath
-global_volatile=0 -opt_range=all -infinite_loop=0 -

O I " Cancel |

Figure 1-9

REJ06J0028-0100/Rev.1.00 September 2007 Page 12 of 49



1RENESAS
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fExpanded assembly code (blockcopy=runtime

Example:

Source code:

struct _ST_ {

char a[5];

T X

extern void g(struct _ST );

void f(void)

g();

Expanded assembly code (blockcopy=inline

specified)

_f:
STS.L PR,®-R15
ADD #-8,R15
MOV.L L11+2,R6 ;X
MOV . L L11+6,R4 ; _g
MOV .B @(1,R6),R0 ; (part
MOV .B @R6,R1 ; (part
MOV.B RO,@(1,R15)
MOV.B @(2,R6),R0 ; (part
MOV.B R1,@R15
MOV.B RO,@(2,R15)
MOV .B @(3,R6),R0 ; (part
MOV .B RO,@(3,R15)
MOV .B @(4,R6),R0 ; (part
JSR @R4
MOV.B RO,@(4,R15)
ADD #8,R15
LDS.L @R15+,PR
RTS
NOP

L11:
.RES.W 1
.DATA.L X
.DATA.L g

“specified)
-_F:

of)x

of)x

of)x

of)x

of)x
(L11:

STS.L
ADD
MOV.L
MOV.L
MOV
JSR
MOV
MOV.L
JSR
NOP
ADD
LDS.L
RTS
NOP

.DATA.L
.DATA.L
.DATA.L

PR,@-R15
#-8,R15
L11,R2
L11+4,R5
R15,R1
@R5
#5,R0
L11+8,R1
@Rr1

#8,R15
@R15+,PR

X

__slow_mvn
-9

X
__slow_mvn

; H"00000005

-9
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1.15 Method of division (microcomputer other than SH-1)

You can select the method used for integer-type division and remainder calculation in the program. This option has no
effect when the microcomputer is SH-1.

If division=cpu=inline is specified, constant division is converted to multiplication by inline expansion. Variable
division is processed differently depending on the microcomputer type. If the microcomputer is SH-2A or SH2A-FPU,
variable division is expanded into instructions. If the microcomputer is not SH-2A or SH2A-FPU, variable division is
treated as a run-time routine call.

If division=cpu=runtime is specified, power-of-two constant division is expanded into instructions. Other types of
constant division are processed differently depending on the microcomputer type. If the microcomputer is SH-2A or
SH2A-FPU, the division operation is expanded into instructions. If the microcomputer is not SH-2A or SH2A-FPU, the
division operation is treated as a run-time routine call.

Format:

DIvision = Cpu = Inline : The default advanced option used when the basic option is "'speed™ or
""nospeed"".
Runtime : The default advanced option used when the basic option is *'size™.

Option settings in Renesas IDE:

SuperH RISG eneine Standard Toolchain 2=
Configuration : Azzembly | Link#Library | Standard Library | CPU | Leb 4 I ’I
| SimDebug_5H-2 =l

Categary :

=3 All Loaded Projects Bl (s G

E'@ test - e - -
B3 G source file IMachlne code (*.obj) =] Details.. |

..... % dbzcto v Generate debug information
..... Z| intprec Output directory :

..... 5] lowsrce |B{CONFIGDIRN Modify... |
----- % rezetprec

..... % shrk.c

..... % testc

----- =] vecttble

----- | ] Default Options
- G++ zource file
F- Azsembly source file
-] Linkage symbol file

Options GAC++ :
-cpu=sh? —ohject="$(CONFIGDIRESFILELEAF ob)™ —debug - ﬂ

gbr=auto -~macsave=0 -cheincpath —errarpath —global_volatile=0
-opt_range=all —infinite_loop=0 -de|_vacant_loop=0 -

0] 4 I Cancel |

Figure 1-10
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Object details d |
Code generation? |
—gection : Template :
IPrngram gection (F) j IP.utD ;I
|P Store string data in :
. } |00nst section x|
Divizion sub-options :
Default j

Diefault
GPU runtime hes

T6/532byte boundaries :

INDne VI

Ok I Cancel
Figure 1-11
Example:
Source code: |
int x; ;
void f(int y) '
X = y/3; E
¥ |
Expanded assembly code (division=cpu=inline - Expanded assembly code (division=cpu=runtime
specified) . specified)
f: - _F:
STS.L MACL,@-R15 : STS.L PR,@-R15
STS.L MACH,@-R15 . MOV.L L11+2,R2 ; __divls
MOV.L L11,R1 ; H"55555556 - MoV R4,R1
MOV.L L11+4,R5 ;X : JSR @r2
DMULS.L R4,R1 . MoV #3,R0 ; H"00000003
STS MACH,R6 : MOV.L L11+6,R5 ;X
MoV R6,RO : LDS.L @R15+,PR
ROTL RO . RTS
AND #1,R0 : MOV.L RO, @R5 5 X
ADD RO,R6 o L11:
MOV.L R6,@R5 ;X . -RES.W 1
LDS.L @R15+,MACH : _DATA.L __divls
RTS : _DATA.L _X
LDS.L @R15+,MACL .
L11:
-DATA.L H"55555556
-DATA.L _X
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1.1.6 Unaligned data transfer

You can select whether instruction expansion or a run-time routine call should be applied to the data transfer of a structure,
union, or class whose alignment value is 1. If inline (instruction expansion) is specified, the transfer is always
expanded into instructions. If runtime (run-time routine call) is specified, the transfer is expanded into instructions
unless the number of instructions after the expansion would be large. If the number of instructions would be large after the
expansion, the transfer is treated as a run-time routine call.

Format:

Unaligned = Inline  : The default advan ced option used when the basic option is "'speed™ or
""nospeed"".

Runtime : The default advanced option used when the basic option is *'size™.

Option settings in Renesas IDE:

SuperH RISG eneine Standard Toolchain 2=
Configuration : Azsembly | Link/Library | Standard Library | GPU | Deb 4 ]
|S|mDebug_S H-2 [ | Category : IOptimize =l |

E--@ &l Loaded Projects Optimize :

E‘@ 1 - .
- G source file Inn =l Details.. |

i ) Speed or size
-3 G+ source file

H-((1 Azsembly source file I [~

-3 Linkage symbal fils [~ Generate file for inter-module optimization
Cptimization for access to .
external wariables Switch statement :
INnne :I IP.utn LI
Gbr relative operation Shift operation
I futo j I Default ;I
Unaligned maove : Tranzfer code development
Default :I I Default LI

Default

Funtime

Ciptions CAC+H :

-cpu=sh? —object="$FCOMNFIGDIRESFILELEAF ob]” —debug - ﬂ

gbr=auto -macsave=0 —cheincpath —errarpath —global_volatile=0
-opt_range=all —infinite_loop=0 -de|_vacant_loop=0 -

(0] 4 I Cancel |

Figure 1-12
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Example:

Source code:
#pragma pack 1
struct {
char a;
short b;
int C;
¥} x.y;
#pragma unpack

void func(void)

{
¥

X.C = y.C;

Expanded assembly code (unaligned=inline

specified)

_func:
MOV .
MOV .
MOV .
MOV .
MOV .
MOV .
MOV.
MOV .
MOV .
RTS
MOV .

L11:

-RES.W
.DATA.L
-DATA.L

WWWwWwWwWwwr r

B

L11+2,R3 ; HT
L11+6,R7 ; HT
@R3,R4 5y
@(1,R3),R0O ; y-
R4,@R7 5 X.
RO,@(1,R7) ; x
@(2,R3),R0 ; ¥
RO,@(2,R7) ; x
@(3,R3),R0 ; ¥

RO,@(3.R7) ;

X

1
H"00000003+_y
H"00000003+_x

-C

; Expanded assembly code (unaligned=runtime

. specified)
- _func:
00000003+_y STS.L PR,@-R15
00000003+_x MOV.L L11+2,R2 ; H"00000003+_y
¢ . MOV.L L11+6,R1 ; H"00000003+_x
c MOV .L L11+10,R7 ; _ slow_mvn
c JSR @R7
c MoV #4 ,R0 ; H"00000004
c LDS.L @R15+,PR
c RTS
C : NOP
o L11:
: -RES_W 1
-DATA.L H*"00000003+_y
-DATA.L H"00000003+_x
-DATA.L __slow_mvn
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1.1.7 Expansion of constant loading instructions
You can select whether a constant load is expanded into instructions (inline) or treated as a literal load (1 i teral).

In SH microcomputers, instructions can hold eight-bit constants (20-bit constants in SH-2A microcomputers). A 2-byte
or 4-byte constant is handled in either of the following ways:

Literal load: Constant data (a literal) prepared in memory is loaded into a register.
Instruction expansion: Eight-bit constants are computed to obtain the 2-byte or four-byte constant.

When a literal load is used, the program size is likely to be smaller. When instruction expansion is used, the number of
memory accesses is likely to be smaller. If Literal is specified, a literal load is used only when the constant is two
bytes or larger. If inline is specified, all 1-byte and 2-byte constants and some 4-byte constants are obtained by
instruction expansion.

When the basic option is size or nospeed, instruction expansion is used if the constant satisfies the following
condition, and a literal load is used if the constant does not satisfy the condition:

2-byte constant: Obtained from two or fewer instructions
4-byte constant: Obtained from three or fewer instructions

Format:

CONST_Load = Inline : The default advanced option used when the basic option is "'speed™.
Literal : The default advanced option used when the basic option is *'size"* or "nospeed"".
(Note, however, that when "'size™ or ""nospeed™ is selected, instruction
expansion occurs depending on the condition.)

Option settings in Renesas IDE:

In the SuperH RISC engine Standard Toolchain dialog box, on the C/C++ tab, select Optimize from the Category
drop-down list, and click Details (Figure 1-2). In the displayed dialog box, shown below, specify the settings as
follows.

Optimize details 7=
Inline | Global variables

[~ Delete vacant loop
Specify maximum unroll factor : IDefauIt j | 1=

Load constant walue az : IDefauIt VI
[ Allocate registers to struct/Unio
Default

[~ Software pipelinine

[~ Mot divide the optimization range

0] 4 I Cancel

Figure 1-13
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Example:

Source code: E

int a; !

void func(void) :

{ :

a = 0x4567; E

} !

Expanded assembly code (const load=inline f Expanded assembly code (const load=literal

specified) . specified)

_Ffunc: - _func:
MOV #69,R2 ; H"00000045 - MOV.L L11+4,R6 ; _a
SHLL8 R2 . MOV.W L11,R2 ; H"4567
MOV.L L11,R6 ; _a : RTS
ADD #103,R2 : MOV.L R2,@R6 ; a
RTS ©L11:
MOV.L R2,@R6 ; a E _DATA.W H"4567

L11: ! -RES_W 1
_DATA.L _a : _DATA.L _a

Supplementary note:

The optimal setting of this option differs depending on the memory architecture of the target system. In a system in which
memory access is fast, literal access is likely to be executed faster than instruction expansion. In a system in which
memory access is slow, instruction expansion is likely to be executed faster than literal access.
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1.2

Advanced options for improving performance

This section explains the advanced optimization options, use of which can improve performance.

Table 1-2 Advanced options for improving performance

. . . Effectiveness | Effectiveness See
No. Functionality Option ) A
on size on speed section
1 |Specifies address range absl16, abs20, abs28, A+ A 1.2.1
abs32
2 |Disposition of variables stuff, nostuff A+ -- 1.2.2
3 | Optimized for access to external | map, smap A+ A+ 1.2.3
variables
4 |GBR Relative Logic Operation |logic_gbr A A 1.24
Generation
5 |Division of optimizing ranges scope, noscope B B 1.25
6 |MAC register macsave A A 1.2.6
7 | Extension of return value rtnext, nortnext B B 1.2.7
8 |Enumeration data size auto_enum A C 1.2.8
9 | Switch statement expansion case B B 1.2.9
method

A+: Very effective.
A: Effective.
B: Sometimes effective, sometimes lowers performance.
C: Lowers performance.
-2 No effect.

1.2.1 Specifies address range

The address area declarations abs16, abs20, abs28, and abs32 tell the compiler that the variable or function is in the
16-, 20-, 28-, or 32-bit address areas, respectively. The default is the 32-bit address area.

The #pragma abs16, abs20, abs28, or abs32 directive can also be used to declare an address area. If both the
#pragma directive and the abs16, abs20, abs28, or abs32 option are specified, the #pragma directive takes
precedence.

For details about address area declaration, see 1.1 Specifies address range in the manual SuperH RISC engine C/C++
Compiler Package APPLICATION NOTE: [Compiler Use guide] Extended Specifications.

Format:

ABs16 = { Program | Const | Data | Bss | Run | All }[,...]
ABS20 = { Program | Const | Data | Bss | Run | All },...]
ABS28 = { Program | Const | Data | Bss | Run | All },...]
ABS32 = { Program | Const | Data | Bss | Run | All }[,...]
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Option settings in Renesas IDE:

In the SuperH RISC engine Standard Toolchain dialog box, on the C/C++ tab, select Object from the Category
drop-down list, and click Details (Figure 1-10). In the displayed dialog box, shown below, specify the settings as
follows.

Object details 2l =
Code generation? |
— fddress declaration .~ Digposition of variables :
Program :| |2 ™ Canst
Const © |32bit =l | | 1 Data
Data : |32bit LI [~ Bs=
Bss: |32bit LI Order of uninitialized variables :
Runtime :| [32bit =] | Declaration =l
[~ IER specification :
ITI Cancel
Figure 1-14

1.2.2 Disposition of variables

You can use the stuff option to align variables to any byte boundary alignment sections depending on the size of the
variables. This option can eliminate the empty (padded) areas that are used for boundary adjustment, thus conserving

memory.

4 bytes 4 bytes
2 bytes 1 byte | Empty 4 bytes

4 bytes 4 bytes

1 byte| Empty ::> 4 bytes
4 bytes 2 bytes 2 bytes

1 byte | Empty 2 bytes 1 byte | 1 byte | 1 byte | Empty
4 bytes

Figure 1-15

In the stufT option, you can also specify a section type. If a section type is specified, the variables that belonging to the
section type are assigned to 4-byte, 2-byte, or 1-byte boundary alignment sections depending on the size of the variables.
If a section type is not specified, all types of sections are subject to the alignment.

The data within a section is output in the order in which it is defined. Note that the bss_order=declaration
specification is ignored.

If nostufT is specified, all variables are placed in the 4-byte-boundary section. The order of the data placed in each
section differs depending on the section type. For the sections of type const or data, data is placed in the order in
which it is defined. For the sections of type bss, the data is ordered according to the bss_order specification.
nostuff is the default.
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Table 1-3 Variable sizes and section names

. Default section Variable size
Section type
name 4n 4n + 2 2n+1
Constant area const C C$4 C$2 Cs$1
Initialized data area data D D$4 D$2 D$1
Uninitialized data area bss B B$4 B$2 B$1

If a default section name has been changed, the new default section name replacing C, D, or B is followed by $4, $2, or
$1.

Format:

STUIff [= section-typel,...]]
NOSTuff
section-type: { Bss | Data | Const }

Option settings in Renesas IDE:

In the SuperH RISC engine Standard Toolchain dialog box, on the C/C++ tab, select Object from the Category
drop-down list, and click Details (Figure 1-10). In the displayed dialog box, shown below, specify the settings as
follows.

Code generation  CGode gsneration2 |
— fddress declaration :———  — Digposition of variables :
FProgram : |32bit ;I v nst
Congt : |32bit =l Data
Data |32bit =l Bzs
Bss: |32bit LI Order of uninitialized variables :
Buriine ¢ |32bit LI IDecIaratinn LI

[ | TER specitication :

Ok I Cancel

Figure 1-16
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Example:
Source code:
int a;
short b;
char c;
int d;
char e;
int T;
char g;
short h;
int i;
Expanded assembly code (nhostuff specified)
.SECTION B,DATA,ALIGN=
_a: ;
.RES.L 1
_b: ;
.RES.W 1
_C: ;
.RES.B 1
.RES.B 1
_d: ;
.RES.L 1
_e: ;
.RES.B 1
-.RES.B 1
.RES.W 1
_T: ;
.RES.L 1
_9: ;
.RES.B 1
-.RES.B 1
_h: ;
.RES.W 1
_i: ;
-RES.L 1
a
b | c |Empty
d
e | Empty
f
g |Empty| h
i

4
static: a . _a:
static: b ~d
static: ¢ : _f:

i
static: d
static: e © b:

_h:
static:

_c:
static: ¢

_e:
static: h © g
static: i

; Expanded assembly code (stuff specified)

.SECTION B$4 ,DATA,ALIGN=4
; static: a
.RES.L 1
; static: d
.RES.L 1
; static: f
.RES.L 1
; static: 1
.RES.L 1
.SECTION B$2,DATA,ALIGN=2
; static: b
.RES.W 1
; static: h
.RES.W 1
.SECTION B$1,DATA,ALIGN=1
; static: c
.RES.B 1
; static: e
.RES.B 1
; static: g
.RES.B 1
a
d
f
i
h
C g Empty
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1.2.3 Optimized for access to external variables

The map and smap options are provided so that accesses to external variables can be performed as relative accesses from
a base external variable. As a result, the loading of the addresses of external variables becomes unnecessary, improving
execution speed. Since the address value literals can be omitted, program size is also reduced. If gbr=auto has been
specified, an external variable might be accessed with a GBR relative instruction whose relative value is larger than the
normal MOV instruction. External variable access optimization is effective for optimizing both execution speed and
program size.

When the map option is used, optimization requires the external symbol allocation information generated by the
Optimizing Linkage Editor. For this reason, compilation must be performed twice.

When the smap option is used, external variable optimization is performed for only external variables defined in the file
to be compiled. Since the external symbol allocation information generated by the Optimizing Linkage Editor is not
required, compilation is required only once.

Although the optimization implemented by the map option is more effective than the optimization implemented by the
smap option, compilation is required twice for the smap option optimization. Furthermore, the optimization can be
performed only when an address-resolved execution module (such as abs or mot) is generated. When the smap option
optimization is used, compilation is required only once, and can be performed when a file whose addresses have not been
resolved (such as a library file). Note that in this case, however, only the external variables defined in the file can be
optimized.

Table 1-4 Advantages and disadvantages of "map" and "smap"

Number of times External symbol allocation
. - S . S . Address
Option compilation Build time | information file generated by Effectiveness ;
. . 2 . resolution
required the Optimizing Linkage Editor
map Twice Long Required High Required
smap Once Short Not required Low Not required

Format:

e Inter-module specification
MAP = file-name

Perform compilation once without specifying the map option, and then, during linkage, specify map=file-name to
generate an external symbol allocation information file. Next, perform a second compilation with the external
symbol allocation information file (map=file-name) specified.

Note that if the definition order of external variables or static variables is changed, you must regenerate the
external symbol allocation information file.

Also note that the result is not guaranteed if the second compilation satisfies either of the following conditions:
o Options other than the options specified for the first compilation and the map option are specified.
o The specified source file differs from the source file specified for the first compilation.

e Intra-module specification
SMap
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Option settings in Renesas IDE:

If you change the scope of external variable access optimization to Inner-module from another scope or from
Inter-module to another scope, a warning message appears. The reason this message appears is that changing of this

setting automatically enables or disables generation of the external symbol allocation information file from the
Optimizing Linkage Editor.

Caonfiguration : G Cor iﬁssemblyl Linkaibrary'l Standard Library | CPU | DebLILI
ISimDebug_SH—2 LI | Category IOptimize :||
EIJ@ fll Loaded Frojects GtimiEa -

E‘@ 1

- Details...
[:l G zource file Inn —I ﬁl

: . Speed or gize :
-] G+ source file

D e eyl IOptimize for both speed and zize LI
[:' Linkage symbol file [~ Generate file for inter-module optimization
Optimization for access to .
external variables : Switch statement :
Morne | |Auto A
Inner-module: Naone = !Shift opetation : =
smap - Inner—module [; ; II:; - _I
h H -
Inter-module: i | Dstau
map Unaliened move : Tranzfer code development
IInIine ﬂ IDefauIt LI

Options GAG+H :
-cpu=ghZ -object="${CONFIGDIRMEFILELEAF ob)” ~debug - ﬂ

ebr=auto -unaliened=inling -macsave=0 -cheincpath -errorpath
-global_volatile=0 -opt ranee=all -infinite_loop=0 -

Ok I Cahcel |

Figure 1-17
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Example 1:

In this example, variables that are allocated in succession are accessed by relative access in the same register based on
the variable allocation order.

Source code: '
int a,b; !
void f(void) '
a=0; E
b=0; i
} !
Expanded assembly code (map/smap not specified) ? Expanded assembly code (map/smap specified)
_F: N i
MOV.L L11,R1 ; _a : MOV.L L11+2,R6 ; _a
MOV.L L11+4,R4 ;b : MOV #0,R2 ; H"00000000
MoV #0,R2 ; H"00000000 : MOV.L R2,@R6 ; a
MOV.L R2,@R1 ; a : RTS
RTS : MOV.L R2,0(4,R6) ; b
MOV.L R2,@R4 ;b ©L11:
L11: : .RES_W 1
.DATA.L _a : .DATA_L _a
_DATA.L b :
Example 2:

In this example, GBR is used as the base for accessing external variables when the gbr=auto option (default) is
specified.

Source code: E
int a[100]; :
void f(void) !
{ |
a[0]=0; i
a[50]=0; i
a[51]=0; 5
a[52]=0; i
) |
Expanded assembly code (map/smap not specified) - Expanded assembly code (map/smap specified)
T: N i
MOV.L L11+2,R5 ; _a . STC GBR,@-R15
MoV #-56 ,R0 ; H*"FFFFFFC8 : MOV.L L11,RO ; _a
MoV #0,R4 ; H"00000000 : LDC RO,GBR
EXTU.B RO,RO : MoV #0,R0 ; H"00000000
MOV.L R4,@R5 ; a[l : MOV.L RO,@(0,GBR); a[]l
MOV.L R4,@(RO,R5); a[l . MOV.L RO,@(200,GBR); a[l
ADD #4 ,R0O : MOV.L RO,@(204,GBR); a[l
MOV.L R4,@(RO,R5); a[l : MOV.L RO,@(208,GBR); a[l
ADD #4 ,R0O : RTS
RTS : LDC @R15+,GBR
MOV.L R4,@(RO,R5); a[l cL11:
L11: : _DATA.L _a
-RES_W 1 :
-DATA.L _a
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1.2.4

GBR Relative Logic Operation Generation

If a GBR-relative logical operation code can be generated for an external variable for which #pragma gbr_base or
gbr_basel is not specified, the external variable can be accessed by GBR relative access code.

A GBR-relative logical operation code can be generated for the following operations:

e Bitwise operation (AND, OR, or XOR) for an external variable of type char or unsigned char

e Reference of a bit field of an external variable

Format:
LOGIc_gbr

This option takes effect only when gbr=user is specified. Before you use this option, you must allocate the $G0

section by the linkage editor and set the first address of the section in the GBR register. You can use the
set_gbr() intrinsic function to set the address.

Example 1:

Source code:
char a;

void func(void)

a &= OxOf;
¥
Expanded assembly code (logic_gbr not
specified)
_func:
MOV .L L11+2,R6 ; _a
MOV.B @R6,RO ;a
AND #15,R0
RTS
MOV.B RO, @R6 ;a
L11:
-RES.W 1
-DATA.L a

? Expanded assembly code (logic_gbr specified)

_func:
MOV.L L11+2,RO ; _a-(STARTOF $GO)
RTS
: AND.B #15,0(RO,GBR); a
S L11:
: -RES.W 1
_DATA.L _a-(STARTOF $G0)
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Example 2:

Source code:

struct {
unsigned char a:1;
unsigned char b:1;

T x5
void func(void)

if (x.a) {
X.b = 1;
b

Expanded assembly code (logic_gbr not specified)?Expanded assembly code (logic_gbr specified)

_Func: . _Func:
MOV .L L13,R5 ;X : MOV.L L13,RO ; _X-(STARTOF $G0O)
MOV.B @R5,R0O ; (part of)x TST.B #128,@(RO,GBR); (part of)x
TST #128,R0 . BT L12
BT L12 : OR.B #64,0(RO,GBR); (part of)x
OR #64,R0O 1L12:
MOV .B RO,@R5 ; (part of)x RTS
L12: : NOP
RTS 1L13:
NOP : -DATA.L _X-(STARTOF $GO0)
L13: :
DATA.L X
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1.25 Division of optimizing ranges
You can specify whether to divide the optimization range of a function at compile time.

If the scope option is specified, the optimization range of a large function might be divided during compilation.

If the noscope option is specified, the optimization range of a function is not divided. In this case, since the entire
function can be optimized, normally both the program size and execution time can be reduced. However, if there are not
enough registers, performance might be degraded.

Since the more effective option depends on the program, try both options while tuning the performance.

Note that compilation takes more time when the optimization scope is not divided.

Format:

SCOpe
NOSCope

An information-level message indicates whether the optimization range of a function has been divided. Information-level
messages are output when the message option is specified.

The following is an information-level message that indicates that the optimization scope has been divided:

C0101 (1) Optimizing range divided in function "function-name"

Option settings in Renesas IDE:

In the SuperH RISC engine Standard Toolchain dialog box, on the C/C++ tab, select Optimize from the Category
drop-down list, and click Details (Figure 1-2). In the displayed dialog box, shown below, specify the settings as follows.

Optimize details d |
Tnline: |Global variables | Miscellaneous |

| I3
Specify maximum unroll factor : IDefauIt BN

Load constant value as : IDefauIt vl

v &llocate resisters to struct/union members

[~ Software pipelitine

[~ Mot divide the optimization range |

8]4 I Cahcel

Figure 1-18
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1.2.6 MAC register

You can specify whether the contents of the MACH and MACL registers are to be guaranteed at function entry and exit
points.

If macsave=1 is specified, the contents of these registers are guaranteed. That is, the contents of the registers are saved
and restored at function entry and exit points. If macsave=0 is specified, the contents of these registers are not
guaranteed. In this case, the contents of the registers are saved and restored on the function caller side.

In optimization by the current version of the compiler, the macsave=0 specification is likely to reduce both the program
size and the execution time. However, for compatibility with previous versions, the default is macsave=1.

Since performance might improve, you should try specifying macsave=0.
Format:

Macsave = { O | 1 }
Caution:

A function compiled with macsave=0 specified (MAC registers not guaranteed) cannot be called from a function
compiled with macsave=1 specified (MAC registers guaranteed). However, the reverse situation is possible.

Option settings in Renesas IDE:

SuperH RISC eneine Standard Toolchain 2x|
Gonfiguration : CACH Iﬂssemblyl Link /Library | Standard Library | GPU | Dep 2] *]
ISlmDebug_SH—E j Categary : IOther j

El@ All Loaded Projects Mizcellaneous options :
= & All t nest B
E-F © source file :_ i GAMMENT Nes - - . =
..... E] dbecte W oallee = MACH and MACL reeisters
..... =] intprec W]Saves/restores 35R and SPC reeisters -
----- ] lowsrcc 1| | _pl_l

""" g‘ resetprec Uzer defined options :

..... % sbrk.c
..... 5 teste =
----- =] wecttble
----- [ ] Default Options
120 G+ gource file ;I

-7 Azsembly source file
-] Linkage symbol file

Options GAG+H :
-cpu=sh2 —object="F{CONFIGDIRMS (FILELE AF) ob]™ -debug - ﬂ

gbr=auto —unalighed=inline -maczave=0 -chegincpath —errarpath
-global_volatile=0 -opt_range=all -infinite_loop=0 -

Ok I Cahcel |

Figure 1-19
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Example:

Source code:

; Expanded assembly code (macsave=0 specified)

int sum;

int func(short a, short b)

{

sum += a * b;
return sum;

}

Expanded assembly code (macsave=1 specified)

_func:

[ STS.L MACL ,@-R15|
MULS .W R4 ,R5
MOV.L L11+2,R1 > _sum
MOV.L @R1,RO > sum
STS MACL ,R2
ADD R2,RO
MOV.L RO, @R1 > sum
RTS

[ LDS.L @R15+,MACL

L11:
.RES.W 1
.DATA_L _sum

. _func:

S L11:

MULS.W
MOV.L
MOV.L
STS
ADD
RTS
MOV.L

-RES.W

-DATA.L

R4 ,R5

L11+2,R1 5 _sum
@R1,RO 5 sum
MACL ,R2

R2,R0O

RO,@R1 5 sum

1
_sum
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1.2.7

Extension of return value

If the return value of a function is of type char, unsigned char, short, or unsigned short, you can specify
whether sign extension/zero extension is to be performed by the called function (rtnext) or by the caller (nortnext).

By default, the caller performs sign extension/zero extension.

If the function is called more than once, code is likely to be more efficient when extension is performed by the called
function, because the extension needs to be coded only once. When extension is performed by the caller, optimization is
likely to delete unnecessary extensions. Since the more efficient option depends on the program structure, try both

options.

The option specification must be consistent throughout the project.

Format:

RTnext
NORTnext

Option settings in Renesas IDE:

SuperH RISG engine Standard Toolchain
GG Iﬂssemblyl Link /Library | Standard Library | GFU | Deb 4] *]

Configuration :

2%

| SimDebug_5H-2

I

=l

| Categary : IOther

B [

-
[]...D

=3 All Loaded Projects

B9 G zource file

% dbzcte

E]| intpre.c
=] lowsres
% resetpre.c
B

% testc

=] wecttble

:] Default Options

- G++ zource file

fAzzembly source file
Linkage zymbal file

Mizcellaneous options :

Wsaves restores S5R and SPC resisters
;E.:-:.paru:l return walue to 4 byte
[Loop unrolling

l |

Uzer defined options :

;I
o
=
[

Options GAC++ :
-cpu=sh2 —ohject="$(CONFIGDIRESFILELEAF ob)™ —debug - ﬂ

gbr=auto -unalighed=inline -rtnext -cheincpath —errarpath -
global_volatile=0 -opt_range=all -infinite_loop=0 -

[ o 1

Gancel |

Figure 1-20
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Example:
Source code:
short x,y;
int i,j.k;
short f(short a, short b)
{
return a * b;
¥
void g(void)
{
i = f(X,y);
J = T(x.y);
k = f(X,y);
3 :
Expanded assembly code (nortnext specified) - Expanded assembly code (rtnext specified)
LS : :
STS.L MACL,@-R15 : STS.L MACL,@-R15
MULS . W R4,R5 : MULS.W R4,R5
STS MACL,RO : STS MACL,R2
RTS O EXTS.W R2,R0
LDS.L @R15+,MACL : RTS
_g: : LDS.L @R15+,MACL
MOV.L R13,@-R15 ©_g:
MOV.L R14,@-R15 : MOV.L R13,@-R15
STS.L PR,@-R15 : MOV.L R14,@-R15
MOV.L L12,R13 " : STS.L PR,@-R15
MOV.L L12+4,R14 ; _x : MOV.L L12,R13 Y
MOV . W @R13,R5 Y . MOV.L L12+4,R14 ; X
BSR _F : MOV.W @R13,R5 Y
MOV .W @R14,R4 ;X : BSR _F
MOV.L L12+8,R2 ;i . MOV . W @R14,R4 ;X
EXTS.W RO,R1 | : MOV.L L12+8,R1 |
MOV . W @R13,R5 Y : MOV.W @R13,R5 Y
MOV .W @R14,R4 ;X : MOV . W @R14,R4 ;X
BSR _f : BSR _f
MOV.L R1,@R2 ;o : MOV.L RO, @R1 |
MOV.L L12+12,R1 ; _j MOV.L L12+12,R2 ; _j
EXTS.W RO,R7 | MOV . W @R13,R5 Y
MOV . W @R13,R5 Y MOV.W @R14,R4 ;X
MOV .W @R14,R4 ;X : BSR _F
BSR _F : MOV.L RO, @R2 |
MOV.L R7,@R1 5 : MOV.L L12+16,R7 ; _k
MOV.L L12+16,R6 ; _k : MOV.L RO,@R7 ; k
EXTS.W RO,R2 | : LDS.L @R15+,PR
MOV.L R2,@R6 s k : MOV.L @R15+,R14
LDS.L @R15+,PR : RTS
MOV.L @R15+,R14 : MOV.L @R15+,R13
RTS CL12:
MOV.L @R15+,R13 : -DATA.L _y
L12: : _DATA.L X
_DATA.L -y : -DATA.L _i
_DATA.L _X _DATA.L |
_DATA.L _i -DATA.L _k
_DATA.L 1
_DATA.L _k
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1.2.8 Enumeration data size

You can use the auto_enum option to handle enumeration data declared by an enum declaration as the smallest data
type that can contain enumerated values.

If the auto_enum option is not specified, enumeration data is handled as type int. If the auto_enum option is
specified, the data type changes depending on the range of possible enumerator values. Table 1-5 shows the relationship
between the possible enumerator values and data types.

Table 1-5 Possible enumerator values and data types

Enumerator
— - Data Type
Minimum Value | Maximum Value
-128 127 signed char
0 255 unsigned char
-32768 32767 signed short
0 65535 unsigned short
Other than the above int

Use of this option can reduce the size of handled data. The option is especially effective for reducing size when there are
many variables and structure members of type enum. However, since the number of extensions might increase when this
option is specified, specifying this option might reduce the execution speed.

Format:

AUto_enum

Option settings in Renesas IDE:

SuperH RISG eneine Standard Toolchain 2=
Configuration : GG+ Inssemmﬂ Link/Library | Standard Library | GFU | Deb 4| *]
|S|mDebug_SH—2 [ | Categary : |Other =] |

E‘@ All Loaded Projects Mizcellaneous options :
= B-53 G source file [ Treats loop condition as volatile qualified ;I
..... E] dbecte Pd=rum size is made the smallest

..... ] intprec [JFloating-point constant is handled as a fixed-point constant [

----- % lowsrc.c l | ’
..... =] resetprec
..... E] sbrkc

----- % testc ;I
----- % wecttblc
[ -]

Uzer defined options :

----- :] Default Options
-0 G+ source file
w1 Assembly source file
-7 Linkage symbol file

Options GAC++ :
—cpu=gh —Dbject="$';CONFIGDIR:'¥$(FILELE_HF:‘.Dbj" —-debue - ﬂ

ebr=auto -unaligned=inline -auto_enum -cheincpath -errorpath
-global_volatile=0 -opt ranee=all -infinite_loop=0 -

0] 4 I Cancel |

Figure 1-21
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Example:

Source code:

enum En {A_000 =0,A_001,A 002,A _003,A_END=255};
enum En x[3] = {A_000, A 001, A _END};

Expanded assembly code (auto_enum not specified)
X: ; static: x

Expanded assembly code (auto_enum specified)
_X: ; static: x

-DATA.L
H®"00000000,H"00000001,H"000000FF

.DATA.B H*00,H"01,H"FF
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1.29 Switch statement expansion method

You can use the case option to select whether to use the if-then method or the table method for evaluation of a switch
statement. If the if-then method is selected, the target value is compared with each case value. If the table method is
selected, the data table created with the relative value of each case value is referenced for comparison. If there are only
a few case clauses or the difference between the maximum and minimum case values is large, the if-then method
might be used regardless of the specification of the case option.

When the case option is not specified, the compiler automatically selects one or the other of the methods as follows:

(1) If there are only a few case labels or the difference between the maximum and minimum case values is large, the
compiler selects the if-then method.

(2) When (1) does not apply, if the case option is specified, the compiler follows the option specification.

(3) When neither (1) nor (2) applies, if the basic option is speed and the number of case labels is about 10 or more, the
compiler selects the table method.

When a specific case value matches frequently during program execution, program execution likely to be faster if the
relevant case value is written first and the if-then method is specified.

For details, see 5. Branching in the manual SuperH RISC engine C/C++ Compiler Package APPLICATION NOTE:
[Compiler use guide] Efficient programming techniques.

Format:
CAse = { Ifthen | Table }

Option settings in Renesas IDE:

SuperH RISG eneine Standard Toolchain 2=
Canfiguration : F'ussemblyl LinkiLibraryl Standard Library | CPU | Debﬂﬂ
|S|mDebug_SH-2 [ |Oategorz: IOptimize =l |

=3 All Loaded Projects .
E@ test

- l Detailz...
B3 & source file |-:-n =l Details: |

j P Speed or size :
----- S| dbactc — -
..... | intprec IOpt|m|ze for both speed and =ize ;I
..... =] lowsres [~ Generate file for inter—module optimization
..... E Optimization for access to .
_____ % rsisrztgrg.c g}lc:lternal variables : Switch statement :
..... 5] teste |None x| |Auto x|
..... =] wecttble Ghbr relative operation : Auto
----- [ ] Default Options | Auta x| [Table
B G+ source file Unaligned maove : Transter code development :
F- Azsembly source file IInIine LI IDefauIt LI
-] Linkage symbol file

Options GAC++ :
-cpu=sh? —ohject="$(CONFIGDIRESFILELEAF ob)™ —debug - ﬂ

gbr=auto —unalighed=inline —auto_erum —cheincpath —errorpath
-global_volatile=0 -opt_range=all -infinite_loop=0 -

0K I “Gancel |

Figure 1-22
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2. Useful Options

This chapter explains options that provide benefits that are not related to the improvement of performance.

Table 2-1 List of useful options

No. Functionality Option See section
1 |Debugging Information Output Mode optimize 2.1
2 | Pre-processor expansion preprocessor/noline 2.2
3 |External variables handled as volatile global_volatile 2.3
4 |Vacant loop elimination del_vacant_loop 2.4
5 |Elimination of expression preceding infinite loop |infinite_loop 2.5
6 | Switches the order of bit assignment bit_order 2.6
7 | Specifies the boundary alignment value for pack 2.7
structures, unions, and classes

2.1 Debugging Information Output Mode

When the optimize=debug_only option is specified, you can always view local variable information during
debugging. In addition, optimization related to statement-based deletion is suppressed completely. This allows you to set
a break point for each statement in the C source code. Note that performance of an object generated with this option
specified might be less than the performance of the object generated with optimize=0 (no optimization) specified.
Before you use this option, you should first test it during debugging.

[optimize=0] [optimize=debug_only]
0ooozooo .x{*oid funelint i) 00002000 | € fvoid funcfint i)

int data; int data;

data = il 00002006 data = i;
00o0zZoom | gx arzidata); naonzonc arzidata);

1 oonozot4 i
£ £
/|l 08 g gl 08 2
| Name Value | Type Name | Value | Type
il i H'0O0O0OCOO= { B4} f(ink) | e i H'OODODO0=a § R4} [ink)
| data Not awvailshle ... | e data H'O0000244c | 7... (int)
1 | 2+ < | 2
Figure 2-1

Format:
OPtimize ={0| 1 | Debug_only }
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Option settings in Renesas IDE:

APPLICATION NOTE

SuperH RISC eneine Standard Toolchain 2x|
Configuration : GG+ Iﬁssemblyl Linkaibrary'l Standard Library | CPU | Deb ‘I 'I
|S|mDebug_SH—2 [ | Categary : IOptimize =] |

=33 Al Loaded Projects

: @ Optimize :
2 ) an - Detailz... |
-3 © source file T _I| —

""" _% .dbSCt'C shd zize LI

----- g] intpre.c * debue on

..... =] lowsrce nerate file for inter—module optimization

Optimization for access to .
=l reselpres efternal variables : Switch statement :
..... B 1=
testc INnne :I IIf then LI

..... =] wecttble Ghr relative operation : Shift operation :

----- [ 1 Default Options |P.utu:| =] IDefauIt x|
F-{0] G+ source file Unaligned maove : Transter code development :
#- Azsembly source fils IInIine LI IDefauIt LI
-] Linkage symbol file

Options GAG+H :
—cpu=zhl -0|:nject="$':OONFIGDIR:'?!%gFILELEF'uF:'.I:II:Ijrr -debug - ﬂ

ebr=auto -cage=ifthen -unaliened=inline —auto_enum -
cheincpath -errorpath —elobal_volatile=0 -opt_range=all -

814 I Cancel |

Figure 2-2
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2.2 Pre-processor expansion

Outputs a source program processed by the preprocessor. The resultant code in the file replaces the #include and
#deTFine directives in the original code with the corresponding code. Because information such as header files has
already been expanded, this file can be compiled without the use of any other files.

If no <file name> is specified, an output file with the same file name as the source file and with a standard extension is
created. The standard extension after C compilation is p (if the input source program is written in C), and that after C++
compilation is pp (if the input source program is written in C++).

When preprocessor is specified, no object file is output from the compiler.

When nol ine is specified, disables #line output at preprocessor expansion.

Format:

PREProcessor [= file-name]
NOLINe

Option settings in Renesas IDE:

Configuration : GG+ iﬁssemblyl Linkaibrary'l Standard Library | ZPU | DebLILI
[SimDebug SH-2 [~ [ Gotesory: Jobiect = |
== ?% aed Projects Qr:tput. S s - | |

=} E O <ource file achine code G .obj) ;I Detailz... |

5] dbsct Machine code ®obj)
""" S| obsclb F\ssembl SoUrce code (* src)
----- =] intprec :Pre = & 1]

i e file Ko/ % on]
..... % [ Suppress #line in preprncessed zource file Modify... |
----- % resetpre.c
..... % shrk.c
..... % tBSt.C

----- % vecttblc

----- j Default Options
-7 G++ zource file
F- Azsembly source file
-] Linkage symbol file

Options GAG+H :
—opu=sh2 -object="${CONFIGDIRMEFILELEAF .ob]” ~debue - ﬂ

optimize=debue_only -ebr=auto -cage=ifthen -unaligned=inline
—auto_enum —cheincpath —errorpath —elobal_volatile=0 -

(0] 4 I Cancel |

Figure 2-3
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Example:

Source code:
#define NUM 1

struct {
int num
char* date
char* string;
} data[] = {
MESSAGE(NUM, aaaa),
};

Preprocessor expansion:
#line 1 "test.c"

struct {
int num
char* date
char* string;
} data[] = {
{1, "Jun 13 2007', "aaaa"},
};

#define MESSAGE(num, name) {num, _ DATE_ , #name}
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2.3 External variables handled as volatile

The compiler statically parses C source code and might optimize the access order of a variable and the number of times a
variable is accessed if, by doing so, the meaning of the source code does not change. However, if this type of optimization
is performed for variables that are used for /O register access or interrupt processing, the program might not operate as
intended. To avoid program misoperation, you must therefore declare these variables as volatile. If a variable has been
declared as volatile, optimization will not change the access width of the variable, or access order of the variable, or the
number of times the variable is accessed.

Although you need to carefully determine whether a variable should be declared as volatile, checking all variables might
be difficult if, for example, a legacy system is reused. For cases such as these, try global _volati le=1, which directs
the compiler to treat all external variables as volatile.
Format:

GLOBAL_Volatile = { O | 1 }
Option settings in Renesas IDE:

In the SuperH RISC engine Standard Toolchain dialog box, on the C/C++ tab, select Optimize from the Category
drop-down list, and click Details (Figure 1-2). In the displayed dialog box, shown below, specify the settings as follows.

Optimize details d |
Inline Globa Miscellaneaus |
Lewvel : IOustom vI

—Contents :

v ilreat elobal variables a= volatile qualified: |

[~ Delete assignment to elobal variables befare an infinite loop

Specify optimizing range : Im

Allocate registers to global variables : IDefauIt 'I
Propagate variables which are const qualified : Im
Schedule instructions : Im

0] 4 I Cancel |

Figure 2-4
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Example:

Source code:
int var;
void func(void)
{

var 1;
var 0;

}

Source after optimization (global volatile=0

Source after optimization (global volatile=1

specified)

int var;
void func(void)

{

Expanded assembly code (global_volatile=0

var = 0;
3
specified)
_func:
MOV .L
MoV
RTS
MOV .L
L11:
_DATA.L

L11,R6 ; _var

#0,R2 ; H"00000000
R2,@R6 ; var

_var

- Expanded assembly code (global volatile=1

specified)

int var;
void func(void)
{
var
var

1
0;

. specified)

- _Ffunc:
MOV.L
MOV
MoV
MOV.L
RTS
MOV.L

S L11:

.DATA.L

L11,R6
#1,R1
#0,R4
R1,@R6

R4,@R6

_var

; _var
; HT00000001
; H®00000000
; var

. var
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2.4 Vacant loop elimination
You can select whether to delete empty loops (loops which contain no processing).

If del_vacant_loop=0 is specified, the compiler does not delete empty loops. If del _vacant_loop=1is
specified, the compiler deletes empty loops. The default is del _vacant_loop=0.

Note that if you specify del_vacant_ loop=1, the compiler also deletes necessary empty loops that have been
intentionally coded this way. For example, an empty loop might have been coded for timing purposes.

Format:
DEL_vacant_loop = { 0O | 1}
Option settings in Renesas IDE:

In the SuperH RISC engine Standard Toolchain dialog box, on the C/C++ tab, select Optimize from the Category
drop-down list, and click Details (Figure 1-2). In the displayed dialog box, shown below, specify the settings as follows.

Optimize details 2x|
Tnline | Gilobal wariables

p
unrall factor : | Default BN

Load constant value as : IDefauIt vl

[v fllocate registers to struct/union members

[~ Software pipelinine
[~ Mot divide the optimization range

(0] 4 I Cancel

Figure 2-5
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2.5 Elimination of expression preceding infinite loop

When an expression that assigns a value to a non-volatile external variable precedes an infinite loop in which the external
variable is not referenced, you can delete the expression.

When infinite_loop=0 is specified, an assignment expression for external variables, which is located immediately
before an infinite loop is not eliminated.

When infinite_loop=1 is specified, an assignment expression that is located immediately before an infinite loop
and is for external variables that are not referenced from the infinite loop is eliminated.

The default for this option is infinite_loop=0.

Format:
INFinite_loop = { 0] 13}
Option settings in Renesas IDE:

In the SuperH RISC engine Standard Toolchain dialog box, on the C/C++ tab, select Optimize from the Category
drop-down list, and click Details (Figure 1-2). In the displayed dialog box, shown below, specify the settings as follows.

Optimize details 2x|
Inling | Global variables | Mizcellaneous |
Level IOustom vI

—Contents

[~ Treat elobal variables az wolatile qualified

v iDelete assienment to elobal variables before an infinite loopi |

Specify optimizing range : Im

fllocate registers to global variables : IDEfEUH 'I
Propaeate variables which are congt qualified : Im
Schedule instructions : m

0] 4 I Cahcel |

Figure 2-6
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Example:

int a;
void f(voi

a=1;

}

Source cod

e:

d

while(l) {
T

Source after optimization (infinite_loop=0

Source after optimization (infinite_ loop=1

int a;
void f(voi

a=1;

specified)

)

while(1) {
3

Expanded assembly code (infinite loop=0

f:

L11:

L13:

specified)

MOV.L
MoV
MOV.L

BRA
NOP

-RES.W
-DATA.L

L13+2,R6
#1,R2
R2,@R6

L11

1

3
- Expanded assembly code (infinite loop=1
. specified)
.
; _a - L10:
; H*00000001 : BRA L10
;a . NOP

specified)

int a;
void f(void)

while(1) {
b
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2.6 Switches the order of bit assignment

Specifies the order of bit field members. Since the bit field member allocation rule might differ depending on the
microcomputer, you can use this functionality to improve portability of programs between different microcomputers.

When bit_order=1eft is specified, members are allocated from the upper bit.
When bit_order=right is specified, members are allocated from the lower bit.

You can also use the #pragma bit_order directive to specify the bit field order. If you specify both the bit_order
option and the #pragm a bit_order directive, the #pragma bit_order directive takes precedence.

For details about the functionality of this option, see 2.2 Switches the order of bit fields in the manual SuperH RISC
engine C/C++ Compiler Package APPLICATION NOTE: [Compiler Use guide] Extended Specifications.

Format:
BIt order = { Left | Right }

Option settings in Renesas IDE:

SuperH RISC eneine Standard Toolchain 2x|
Confieuration : GG+ | Azsembly | Link/Library | Standard Library| GPU | Deb t | ¢
| SimDebug_5H-2 =]

GPU: [SH-2 x|
=33 Al Loaded Projects
E@ test Divizion : |OPL| LI
[:l G =zource file ; :
[:l C++ gource file Endian : IB'E LI
-_] Assembly source file —
-7 Linkage symbol file EE IMIX I~
Baund to: IZerg LI

CJCenormalized number allower az a result
[|Pogition independent code (PIC)
[ Treat double as float

;E:it figld's members are allocated fram the lower bit
[|Pack =truct, union and clazs
[Uze try, thraw and catch of C++

[ |Enable/dizable runtime information

0] 4 I Cancel

Figure 2-7

REJ06J0028-0100/Rev.1.00 September 2007 Page 46 of 49



REN ESAS APPLICATION NOTE

2.7 Specifies the boundary alignment value for structures, unions, and classes

In some types of programs, such as communication programs, you might not want structures to have padding bits. This is
also true for unions and classes. In these cases, you can specify the pack=1 option to align structure members on a 1-bit
boundary. Structures aligned on a 1-bit boundary do not include a padding area.

You can also use the #pragma pack directive to specify the alignment for structures. If you specify both the pack
option and the #pragma pack directive, the #pragma pack directive takes precedence.

For details about the functionality of this option, see 2.3 Specifies the boundary alignment value for structures, unions,
and classes in the manual SuperH RISC engine C/C++ Compiler Package APPLICATION NOTE: [Compiler Use guide]
Extended Specifications.

Format:
PACK ={ 1] 41}

Option settings in Renesas IDE:

SuperH RISC eneine Standard Toolchain 2x|
Configuration : GG+ | Azzembly | Link/Library | Standard Library Deb 4] *
| SimDebug_5H-2 =l
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=33 Al Loaded Projects
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B[] G+ source file Endian : IB'E =l
-_] Assembly source file —
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Bmund tom s IZerg LI
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Figure 2-8
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RE N ESAS APPLICATION NOTE

Notes regarding these materials

1. This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any intellectual
property rights or any other rights of Renesas or any third party with respect to the information in this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising out
of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.

4. All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, 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 products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com)

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in light
of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas products
are not designed, manufactured or tested for applications or otherwise in systems the failure or malfunction of
which may cause a direct threat to human life or create a risk of human injury or which require especially high
quality and reliability such as safety systems, or equipment or systems for transportation and traffic, healthcare,
combustion control, aerospace and aeronautics, nuclear power, or undersea communication transmission. If you
are considering the use of our products for such purposes, please contact a Renesas sales office beforehand.
Renesas shall have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(2) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.

9. You should use the products described herein within the range specified by Renesas, especially with respect to
the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.

10. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions.
Please be sure to implement safety measures to guard against the possibility of physical injury, and injury or
damage caused by fire in the event of the failure of a Renesas 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 applicable measures. Among others, since the evaluation of microcomputer
software alone is very difficult, please evaluate the safety of the final products or system manufactured by you.

11. In case Renesas products listed in this document are detached from the products to which the Renesas products
are attached or affixed, the risk of accident such as swallowing by infants and small children is very high. You
should implement safety measures so that Renesas products may not be easily detached from your products.
Renesas shall have no liability for damages arising out of such detachment.

12. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.

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

© 2007. Renesas Technology Corp., All rights reserved.
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