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Preface

This preface introduces the ARM Software Development Toolkit and its reference
documentation. It contains the following sections:

. About this book on page iv

. Further reading on page vi

. Typographical conventions on page viii
. Feedback on page ix.
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Preface

About this book

Organization

Thisbook provides reference information for the ARM Software Devel opment Toolkit.
It describes the command-line options to the assembler, linker, compilers and other
ARM tools, and gives reference material on software included with the Toolkit, such as
the ARMulator.

This book is organized into the following chapters:

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Introduction

Read this chapter for an introduction to the ARM Software Devel opment
Toolkit version 2.5, and detail s of the changes that have been made since
version 2.11a

The ARM Compilers

Read this chapter for an explanation of all command-line options
accepted by the ARM C and C++ compilers.

ARM Compiler Reference

Read this chapter for a description of the language features provided by
the ARM C and C++ compilers, and for information on standards
conformance and implementation details.

The C and C++ Libraries

Read this chapter for a description of how to retarget and rebuild the
ARM C and C++ libraries.

Assembler

Read this chapter for an explanation of al command-line options
accepted by the ARM assembler. In addition, this chapter documents
features such as the directives and pseudo-instructions supported by the
assembler.

Linker

Read this chapter for an explanation of all command-line options
accepted by the linker, and for reference information on linker features
such as scatter loading.

ARM Symbolic Debugger

Read this chapter for an explanation of al command-line options
accepted by the ARM symbolic debugger.
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Chapter 8

Chapter 9

Chapter 10

Chapter 11

Chapter 12

Chapter 13

Chapter 14

Chapter 15

Preface

Toolkit Utilities

Read this chapter for adescription of the utility programs provided with
the ARM Software Development Toolkit, including fromELF, the ARM
profiler, the ARM librarian, and the ARM object file decoders.

ARM Procedure Call Sandard
This chapter defines the ARM Procedure Call Standard (APCS).

Thumb Procedure Call Sandard
This chapter defines the Thumb Procedure Call Standard (TPCS).

Floating-point Support

Read this chapter for reference information on floating-point support in
the Software Devel opment Toolkit.

ARMulator
Read this chapter for reference materia relating the the ARMulator.

ARM Image Format
Read this chapter for a description of the AIF file format.

ARM Object Library Format
Read this chapter for a description of the ALF file format.

ARM Object Format
Read this chapter for a description of the AOF file format.

ARM DUI 0041C
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Further reading

ARM publications

Other publications

This section lists publications from both ARM Limited and third parties that provide
additional information on developing for the ARM processor, and general information
on related topics such as C and C++ devel opment.

This book contains reference information that is specific to the ARM Software
Development Toolkit. For additional information, refer to the following ARM
publications:

. ARM Software Development Toolkit User Guide (ARM DUI 0040)
. ARM Architectural Reference Manual (ARM DUI 0100)

. ARM Reference Peripheral Specification (ARM DDI 0062)

. ARM Target Development System User Guide (ARM DUI 0061)

. the ARM datasheet for your hardware device.

This book is not intended to be an introduction to the ARM assembly language, C, or
C++ programming languages. It does not try to teach programming in C or C++, and it
is not a reference manual for the C or C++ standards. The following texts provide
general information:

ARM architecture
. Furber, S.ARM System Architecture (1996). Addison Wesley Longman, Harlow,
England. ISBN 0-201-40352-8.

ISO/IEC C++ reference

. ISO/IEC JTC1/SC2Final CD (FCD) Ballot for CD 14882: Information
Technology - Programming languages, their environments and system software
interfaces - Programming Language C++

This is the December 1996 version of the draft ISO/IEC standard for C++. It is
referred to hereafter as tbeaft Sandard.

C++ programming guides

The following books provide general C++ programming information:

Vi
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. Ellis, M.A. and Stroustrup, BThe Annotated C++ Reference Manual (1990).
Addison-Wesley Publishing Company, Reading, Massachusetts. ISBN
0-201-51459-1.

This is a reference guide to C++.

. Stroustrup, B.The Design and Evolution of C++ (1994). Addison-Wesley
Publishing Company, Reading, Massachusetts. ISBN 0-201-54330-3.
This book explains how C++ evolved from its first design to the language in use
today.

. Meyers, S.Effective C++ (1992). Addison-Wesley Publishing Company,
Reading, Massachusetts. ISBN 0-201-56364-9.

This provides short, specific, guidelines for effective C++ development.

. Meyers, S.More Effective C++ (1996). Addison-Wesley Publishing Company,
Reading, Massachusetts. ISBN 0-201-63371-X.

The sequel t&ffective C++.

C programming guides
The following books provide general C programming information:

. Kernighan, B.W. and Ritchie, D.MTI'he C Programming Language (2nd edition,
1988). Prentice-Hall, Englewood Cliffs, NJ, USA. ISBN 0-13-110362-8.
This is the original C bible, updated to cover the essentials of ANSI C.

. Harbison, S.P. and Steele, G.A.C Reference Manual (second edition, 1987).
Prentice-Hall, Englewood Cliffs, NJ, USA. ISBN 0-13-109802-0.
This is a very thorough reference guide to C, including useful information on
ANSI C.

. Koenig, A,C Traps and Pitfalls, Addison-Wesley (1989), Reading, Mass. ISBN
0-201-17928-8.
This explains how to avoid the most common traps and pitfalls in C programming.

ANSI C reference

. ISO/IEC 9899:1990C Standard

This is available from ANSI as X3J11/90-013. The standard is available from the
national standards body (for example, AFNOR in France, ANSI in the USA).

ARM DUI 0041C Copyright © 1997 and 1998 ARM Limited. All rights reserved. vii
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Typographical conventions

The following typographical conventions are used in this book:

typewriter

typewiter

typewiter

italic

bold

typewriter

Denotestext that may be entered at the keyboard, such as commands, file
and program names, and source code.

Denotes a permitted abbreviation for acommand or option. The
underlined text may be entered instead of the full command or option
name.

italic

Denotes arguments to commands and functions where the argument isto
be replaced by a specific value.

Highlights important notes, introduces special terminology, denotes
internal cross-references, and citations.

Highlights interface elements, such as menu names. Also used for
emphasisin descriptive lists, where appropriate, and for ARM processor
signal names.

bol d
Denotes language keywords when used outside example code.

viii
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Feedback

Preface

ARM Limited welcomes feedback on both the Software Devel opment Toolkit, and the
documentation.

Feedback on this book

If you have any comments on this book, please send email to errata@arm.com giving:

the document title

the document number

the page number(s) to which you comments apply
a concise explanation of your comments.

General suggestions for additions and improvements are also welcome.

Feedback on the ARM Software Development Toolkit

If you have any problems with the ARM Software Development Kit, please contact your
supplier. To help us provide a rapid and useful response, please give:

details of the release you are using

details of the platform you are running on, such as the hardware platform,
operating system type and version

a small stand-alone sample of code that reproduces the problem

a clear explanation of what you expected to happen, and what actually happene
the commands you used, including any command-line options

sample output illustrating the problem

the version string of the tool, including the version number and date.

ARM DUI 0041C
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Chapter 1
Introduction

This chapter introduces the ARM Software Devel opment Toolkit version 2.50 and
describes the changes that have been made since SDT version 2.11a. It contains the
following sections:

. About the ARM Software Devel opment Toolkit on page 1-2
. Supported platforms on page 1-5
. What is new? on page 1-6.

ARM DUI 0041C Copyright © 1997 and 1998 ARM Limited. All rights reserved.
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Introduction

1.1 About the ARM Software Development Toolkit

111 Components of the SDT

The ARM Software Development Toolkit (SDT) consists of a suite of applications,
together with supporting documentation and examples, that enable you to write and
debug applications for the ARM family of RISC processors.

You can usethe SDT to develop, build, and debug C, C++, or ARM assembly language

programs.

The ARM Software Development Toolkit consists of the following major components:
. command-line development tools
. Windows development tools

. utilities

. supporting software.

These are described in more detail below.

Command-line development tools

The following command-line development tools are provided:

armcc

tce

armasm

armlink

armsd

The ARM C compiler. The compiler is tested against the Plum Hall C
Validation Suite for ANSI conformance. It compiles ANSI or PCC source
into 32-bit ARM code.

The Thumb C compiler. The compiler is tested against the Plum Hall C
Validation Suite for ANSI conformance. It compiles ANSI or PCC source
into 16-bit Thumb code.

The ARM and Thumb assembler. This assembles both ARM assembly
language and Thumb assembly language source.

The ARM linker. This combines the contents of one or more object files
with selected parts of one or more object libraries to produce an
executable program. The ARM linker creates ELF executable images.

The ARM and Thumb symbolic debugger. This enables source level
debugging of programs. You can single step through C or assembly
language source, set breakpoints and watchpoints, and examine progran
variables or memory.

ARM DUI 0041C
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Windows development tools

The following windows devel opment tool s are provided:

ADW

APM

Utilities

The ARM Debugger for Windows. This provides a full Windows
environment for debugging your C, C++, and assembly language source.

The ARM Project Manager. Thisisagraphical user interface tool that
automates the routine operations of managing source files and building
your software development projects. APM helps you to construct the
environment, and specify the procedures needed to build your software.

The following utility tools are provided to support the main development tools:

fromELF

armprof

armlib

decaof

decaxf

topcc

The ARM image conversion utility. This accepts ELF format input files
and converts them to a variety of output formats, including AlF, plain
binary, Extended Intellec Hex (IHF) format, Motorola 32-bit S record
format, and Intel Hex 32 format.

The ARM profiler displays an execution profile of a program from a
profile datafile generated by an ARM debugger.

The ARM librarian enables sets of AOF filesto be collected together and
maintained in libraries. You can pass such alibrary to the linker in place
of several AOF files.

The ARM Object Format decoder decodes AOF files such as those
produced by armasm and armcc.

The ARM Executable Format decoder decodes executable files such as
those produced by armlink.

The ANSI to PCC C Trand ator helpsto translate C programs and headers
from ANSI C into PCC C, primarily by rewriting top-level function
prototypes.

topcc isavailable for UNIX platforms only, not for Windows.

Supporting software

The following support software is provided to enable you to debug your programs,
either under emulation, or on ARM-based hardware:

1-3
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ARMulator The ARM coreemulator. This providesinstruction accurate emul ation of
ARM processors, and enables ARM and Thumb executable programs to
be run on non-native hardware. The ARMulator is integrated with the
ARM debuggers.

Angel The ARM debug monitor. Angel runs on target development hardware
and enables you to develop and debug applications running on
ARM-based hardware. Angel can debug applications running in either
ARM state or Thumb state.

1.1.2 Components of C++ version 1.10

ARM C++ isnot part of the base Software Development Toolkit. It is available
separately. Contact your distributor or ARM Limited if you want to purchase ARM
C++.

ARM C++ version 1.10 consists of the following major components:

armcpp Thisisthe ARM C++ compiler. It compilesdraft-conforming C++ source
into 32-bit ARM code.

tepp Thisisthe Thumb C++ compiler. It compiles draft-conforming C++
source into 16-bit Thumb code.

support software

The ARM C++ release provides a number of additional components to
enable support for C++ in the ARM Debuggers, and the ARM Project
Manager.

— Note

The ARM C++ compilers, libraries, and enhancements to the ARM Project Manager
and ARM Debuggers are described in the appropriate sections of the ARM Software
Development Toolkit User Guide and Reference Guide.

ARM DUI 0041C Copyright © 1997 and 1998 ARM Limited. All rights reserved. 1-4
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1.2 Supported platforms
Thisrelease of the ARM Software Devel opment Toolkit supports the following
platforms:
. Sun workstations running Solaris 2.5 or 2.6
. Hewlett Packard workstations running HP-UX 10
. IBM compatible PCs running Windows 95, Windows 98, or Windows NT 4.
The Windows development tools (ADW and APM) are supported on IBM compatible
PCs running Windows 95, Windows 98, and Windows NT 4.
The SDT isno longer supported on the following platforms:
. Windows NT 3.51
. Sun0S 4.1.3
. HP-UX 9
. DEC Alpha NT.
1-5 Copyright © 1997 and 1998 ARM Limited. All rights reserved. ARM DUI 0041C
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1.3 What is new?

This section describes the major changes that have been made to the Software
Development Toolkit since version 2.11a. The most important new features are:

. Improved support for debug of optimized code.

. Instruction scheduling compilers.

. Reduced debug data size.

. New supported processors. ARMulator now supports the latest ARM processors

. ADW enhancements. SDT 2.50 provides a new ADW capable of remote
debugging with Multi-ICE, and able to accept DWARF 1 and DWARF 2 debug
images.

The preferred and default debug table format for the SDT is now DWARF 2. The ASD
debug table format is supported for this release, but its use is deprecated and support f
it will be withdrawn in future ARM software development tools.

The preferred and default executable image format is now ELF. Refer to the ELF
description inc: \ ARM250\ PDF\ specs for details of the ARM implementation of
standard ELF format.

Demon-based C libraries are no longer included in the toolkit release, and RDP is no
longer supported as a remote debug protocol.

The following sections describe the changes in more detail:

. Functionality enhancements and new functionality on page 1-7
. Changesin default behavior on page 1-12

. Obsolete and deprecated features on page 1-15.

ARM DUI 0041C
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1.3.1 Functionality enhancements and new functionality

Thisrelease of the ARM Software Devel opment Toolkit introduces numerous
enhancements and new features. The major changes are described in:

. Improved support for debug of optimized code on page 1-7
. Instruction scheduling compilers on page 1-8

. Reduced debug data size on page 1-8

. New supported processors on page 1-9

. ADW enhancements on page 1-9

. Interleaved source and assembly language output on page 1-10
. New assembler directives and behavior on page 1-10

. Long long operations now compile inline on page 1-11

. Angel enhancements on page 1-11

. ARMulator enhancements on page 1-11

. New fromELF tool on page 1-12

. New APM configuration dialogs on page 1-12.

Improved support for debug of optimized code

Compiling for debug-(g), and the optimization level ©), have been made orthogonal
in the compilers.

There are 3 levels of optimization:
-0 Turns off all optimization, except some simple source transformations.

-01 Turns off structure splitting, range splitting, cross-jumping, and
conditional execution optimizations. Also, no debug data for inline
functions is generated.

-2 Full optimization.
The- Q0 option gives the best debug view, but with the least optimized code.

The- O1 option gives a satisfactory debug view, with good code density. By default no
debug data is emitted for inline functions, so they cannot be debugged. With DWARF1
debug tables-@dwar f 1 command-line option), variables local to a function are not
visible, and it is not possible to get a stack backtrace.

The- @ option emits fully optimized code that is still acceptable to the debugger.
However, the correct values of variables are not always displayed, and the mapping of
object code to source code is not always clear, because of code re-ordering.

1-7 Copyright © 1997 and 1998 ARM Limited. All rights reserved. ARM DUI 0041C



Introduction

A new pragma has been introduced to specify that debug dataisto be emitted for inline
functions. The pragmais#pr agma [ no] debug_i nl i nes. You can usethispragmato
bracket any number of inline functions. It can be used regardless of the level of
optimization chosen.

Impact

Any existing makefiles or APM projectsthat use —g+ —gxo will now get the behavior
defined by —g+-O1 . The SDT 2.11aoption -g+ -gxr  isstill supported by SDT 2.50,
and has the same functionality asin SDT 2.11a, but will not be supported by future
releases.

Instruction scheduling compilers

The compilers have been enhanced to perform instruction scheduling. Instruction
scheduling involves the re-ordering of machine instruction to suit the particular
processor for which the codeisintended. Instruction scheduling in this version of the C
and C++ compilersis performed after the register all ocation and code generation phases
of the compiler.

Instruction scheduling is of benefit to code for the StrongARM 1 and ARM9 processor
families:

if the - pr ocessor option specifies any processor other than the StrongARM1,
instruction scheduling suitable for the ARM 9 is performed

if - processor StrongARM is specified, instruction scheduling for the
StrongARM1 is performed.

By default, instruction scheduling is turned on. It can be turned off with the
-zpno_opt i m ze_schedul i ng command-line option.

Reduced debug data size

In SDT 2.50 and C++ 1.10, the compilers generate one set of debug areas for each inp
file, including header files. The linker is able to detect multiple copies of the set of
debug areas corresponding to an input file that is included more than once, and emits
only one such set of debug areas in the final image. This can result in a considerable
reduction in image size. This improvement is not available when ASD debug data is
generated.

In SDT 2.11a and C++ 1.01 images compiled and linked for debug could be
considerably larger than expected, because debug data was generated separately for
each compilation unit. The linker emitted all the debug areas, because it was unable t
identify multiple copies of debug data belonging to header files that were included more
than once.

ARM DUI 0041C
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Impact

Existing makefilesand APM projects generate smaller debug images, and therefore the
images load more quickly into the debugger. This feature cannot be disabled.

New supported processors

ARMulator models for the ARMOTDMI, ARM940T, ARM920T, ARM710T,
ARM740T, ARM7TDMI-S, ARM7TDI-S, and ARM7T-S processors have been added
to SDT 2.50. These are compatible with the memory model interfaces from the SDT
2.11a ARMulator.

These processor names (and those of al other released ARM processors) are now
permitted as arguments to the —processor  command-line option of the compilersand
assembler.

ADW enhancements

ADW has been enhanced to provide the following additional features:

. Support for remote debug using Multi-ICE.

. Support for reading DWARF 2 debug tables.

. The command-line options supported by armsd that are suitable for a GUI
debugger are now understood on the ADW command line. This enables you, for
example, always to start ADW in remote debug mode. The available
command-line options are:

. -synbol s

. -li, -bi

. - ar nul

. -adp —linespeed baudr at e -port

[s= serial _port|[,p= parallel_port]]|
[e= et her net _addr ess]

. A delete all breakpoints facility.
. Save and restore all window formats. Windows retain the format they were given.

. Breakpoints can be set as 16-bit or 32-bit. The dialog box for setting a breakpoint
has been modified to enable breakpoints to be set either as ARM or Thumb
breakpoints, or for the choice to be left to the debugger.

. The display of low-level symbols can be sorted either alphabetically or by address
order (sorting was by address order only in SDT 2.11a). You can choose the order
that is used.
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. Locals, Globals, and Debugger Internals windows format is now controlled by
$int_format, $uint_format,$fl oat _format, $sbyte_ format,
$ubyte_format, $string_f or mat, $conpl ex_f or mat . These formats are
available by selectin@hange Default Display For mats from theOptions
menu.

. The Memory window now hasalfword andbyte added to its display formats.

. Value fields in editable windows (for example, Variable windows and Memory
windows) are novedit in place, rather than using a separate dialog box for
entering new values.

A copy of ADW is also supplied in a file nameOw exe to maintain backwards
compatibility with the Multi-ICE release.

Interleaved source and assembly language output

The compilers in SDT 2.50 and C++ 1.10 have been enhanced to provide an assemb!
language listing, annotated with the original C or C++ source that produced the
assembly language. Use the command-line opt®rss  to get interleaved source

and assembly language.

Thisfacility is not available if ASD debug tables are requested (-g+ -asd ).

Thisfacility isonly easily accessible from the command line, and is not integrated with
APM.

New assembler directives and behavior

The SDT 2.11a assemblers (armasm and tasm) have been merged into asingle
assembler, called armasm, that supports both ARM code and Thumb code. In addition,
it provides functionality previously supported only by tasm, such as the CODE16and
CODE32directives, and the-16 and -32 command-line options. The assembler starts
in ARM state by default. A tasm binary is shipped with SDT 2.50 for compatibility
reasons, however this binary only invokes armasm —16 .

The assembler now supports the following FPA pseudo-instructions:
. LDFS fp-register, =fp-constant
. LDFD f p-regi ster, =fp-constant
. LDFE f p-regi ster, =fp-constant

and the new directiveBCWJ andDCDU.
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Long long operations now compile inline

In the C and C++ compilers, the implementation of the | ong | ong data type has been
optimized to inline most operators. Thisresultsin smaller and faster code. In particular:

long long res = (long long) x * (long long) v;

translates to asingle SMULL instruction, instead of acall to al ong | ong multiply
function, if x and y are of typei nt .

Angel enhancements

Angel has been enhanced to enable full debug of interrupt-driven applications.

ARMulator enhancements
The following enhancements have been made to the ARMulator:

. Total cycle counts are always displayed.

. Wait states and true idle cycles are counted separately if a map file is used.

. F bus cycle counts are displayed if appropriate.

. Verbose statistics are enabled by the tloent er s=Tr ue in thear nul . cnf

file. For cached cores, this adds counters for TLB misses, write buffer stalls, and

cache misses.

. The instruction tracer now supports both Thumb and ARM instructions.

. A newfast memory model is supplied, that enables fast emulation without cycle

counting. This is enabled usimgf aul t =Fast in thear mul . cnf file.

. Trace output can be sent to a file or appended to the RDI log window.
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New fromELF tool

The fromELF tranglation utility isanew tool in SDT 2.50. It can translate an ELF
executable file into the following formats:

. AlF family

. Plain binary

. Extended Intellec Hex (IHF) format
. Motorola 32 bit S record format

. Intel Hex 32 format

. Textual Information.

This tool does not have a GUI integrated with APM. It can be called directly from the
command line, or by editing your APM project to call fromELF after it calls the linker.
New APM configuration dialogs

The Tool Configurer dialog boxes have been modified to reflect:
. the new features available in the compilers, assembler, and the linker
. the new default behavior of these tools.

Each selectable option on the dialog boxes now has a tool tip that displays the
command-line equivalent for the option.

1.3.2 Changes in default behavior

The changes that have been made to the default behavior of the SDT are described il
. Sack disciplines on page 1-12

. Default Procedure Call Sandard (APCSand TPCS) on page 1-13

. Default debug table format on page 1-13

. Default image file format on page 1-14

. Default processor in the compilers and assembler on page 1-14

. RDI 1.0 and RDI 1.5 support on page 1-14

. Register names permitted by the assembler on page 1-15.

Stack disciplines

The ARM and Thumb compilers now adjust the stack pointer only on function entry and
exit. In previous toolkits they adjusted the stack pointer on block entry and exit. The
new scheme gives improved code size.

ARM DUI 0041C
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Default Procedure Call Standard (APCS and TPCS)

The default Procedure Call Standard (PCS) for the ARM and Thumb compilers, and
the assembler in SDT 2.50 and C++ 1.10 is now:

-apcs 3/ 32/ nof p/ noswst/ narrow softfp

Note
The new default PCSwill not perform software stack checking and doesnot use aframe
pointer register. This generates more efficient and smaller code for use in embedded
systems.

The default procedure call standard for the ARM (not Thumb) compiler in SDT 2.11a
was - apcs 3/ 32/ fp/swst/wi de/softfp.

The default procedure call standard for the ARM (not Thumb) assembler in SDT 2.11a
was-apcs 3/ 32/ fp/swst.

Impact

Existing makefilesand APM project fileswherethe PCSwas not specified will generate
code that does not perform software stack checking and does not use a frame pointer
register. Thiswill result in smaller and faster code, because the default for previous
compilers was to emit function entry code that checked for stack overflow and set up a
frame pointer register.

Default debug table format

In SDT 2.50 and C++ 1.10 the default debug table format is DWARF 2. DWARF 2 is
required to support debugging C++, and to support the improvements in debugging
optimized code.

Thedefault debug table format emitted by the SDT 2.11acompilersand assemblerswas
ASD.

If DWARF debug table format was chosen, the SDT 2.11a compilers and assemblers
emitted DWARF 1.0.3.

Impact

Existing makefilesand APM project files where debugging information was requested
will now result in DWARF 2 debug data being included in the executable image file.
Previous behavior can be obtained from the command line by specifying - g+ - asd or
-g+ -dwarf 1, or by choosing these from the appropriate Tool Configuration dialog
boxesin APM.

1-13
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Default image file format

The default image file format emitted by the linker has changed from AlF to ELF.

Impact

Existing makefiles in which no linker output format was chosen, and existing APM
project filesin which the Absolute Al F format was chosen, will now generate an ELF
image. If you require an AIF format image, use - ai f on your armlink command line,
or choose Absolute Al F onthe Output tab of the APM Linker optionsdialog box. This
will then generate a warning from the linker. AIF images can also be created using the
new fromELF tool.

—— Note

When the ARM debuggers load an executable AlF image they switch the processor
mode to User32. For ELF, and any format other than executable AlF, the debuggers
switch the processor mode to SV C32. This means that, by default, images now start
running in SVC32 mode rather than User32 mode. This better reflects how the ARM
core behaves at reset.

C code that performsinline SWIs must be compiled with the - f z option to ensure that
the SVC mode link register is preserved when the SWI is handled.

Default processor in the compilers and assembler

The default processor for the SDT 2.11a ARM (not Thumb) compilers was ARMSG. In
SDT 2.50 and C++ 1.10 this has been changed to ARM7TDMI. The default processor
for the assembler has changed from -cpu generic —arch 3 to -cpu ARM7TDMI .

Impact

Existing makefiles and APM project files where the processor was not specified (with
the -processor  option) will generate code that uses halfword loads and stores
(LDRHSTRH where appropriate, whereas such instructions would not previously have
been generated. Specifying -arch3  onthe command line preventsthe compilersfrom
generating halfword loads and stores.

RDI 1.0 and RDI 1.5 support

A new variant of the Remote Debug I nterface (RDI 1.5) isintroduced in SDT 2.50. The
version used in SDT 2.11awas 1.0.

The debugger has been modified so that it will function with either RDI 1.0 or RDI 1.5
client DLLs.

ARM DUI 0041C
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Impact

Third party DLLs written using RDI 1.0 will continue to work with the versions of
ADW and armsd shipped with SDT 2.50.

Register names permitted by the assembler

In SDT 2.50, the assembler pre-declares all PCS register names, but also allows them
to be declared explicitly through an RN directive.

InSDT 2.11athe procedurecall standard (PCS) register namesthat the assembler would
pre-declare were restricted by the variant of the PCS chosen by the - apcs option. For
example, - apcs / noswst would disallow use of gl as aregister name.

Impact

Any source files that declared PCS register names explicitly will continue to assemble
without fault, despite the change to the default PCS.

1.3.3 Obsolete and deprecated features

The features listed below are either obsolete or deprecated. Obsolete features are
identified explicitly. Their useisfaultedin SDT 2.50. Deprecated features will be made
obsolete in future ARM toolkit releases. Their useiswarned about in SDT 2.50. These
features are described in:

. AIF, Binary AlF, IHF and Plain Binary Image formats on page 1-16

. Shared library support on page 1-16

. Overlay support on page 1-16

. Frame pointer calling standard on page 1-17

. Reentrant code on page 1-17

. ARM Symbolic Debug Table format (ASD) on page 1-17

. Demon debug monitor and libraries on page 1-18

. Angel asa linkable library, and ADP over JTAG on page 1-18

. ROOT, ROOT-DATA and OVERLAY keywordsin scatter |oad description on page
1-18

. Automatically inserted ARM/Thumb interworking veneers on page 1-18

. Deprecated PSR field specifications on page 1-19

. ORG no longer supported in the assembler on page 1-19.
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AIF, Binary AlF, IHF and Plain Binary Image formats

Because the preferred (and default) image format for the SDT is now ELF, the linker
emits awarning when instructed to generate an AlF image, abinary AIF image, an IHF
image or a plain binary image.

Impact

Any makefileswith alink step of - ai f,-ai f -bin,-ihf,or-binnow produce a
warning from the linker. For existing APM projects where an Absolute AIF image has
been requested on the Linker configuration Output tab, there will be no warning.
However, an ELF imageis created instead, because thisisthe new default for the linker.

The preferred way to generate an image in an deprecated format isto create an ELF
format image from the linker, and then to use the new fromEL F tool to translatethe ELF
image into the desired format.

Future release

In afuture release of the linker, these formats will be obsolete, and their use will be
faulted.

Shared library support

Thisfeature is obsolete. The Shared Library support provided by previous versions of
the SDT has been removed for SDT 2.50. The linker faults the use of the - shi
command-line option.

Impact

Any makefile or APM project file that uses the Shared Library mechanism will now
generate an error from the linker. The SDT 2.11alinker can be used if thisfacility is
required.

Future release

A new Shared Library mechanism will be introduced in a future release of the linker.

Overlay support

Useof the - over | ay option to the linker and use of the OVERLAY keyword in a scatter
load description file are now warned against by the linker.

Impact

Any makefile, APM project file, or scatter load description file that uses the overlay
mechanism will now generate awarning from the linker.

ARM DUI 0041C
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Future release

A future release of the linker will subsume the overlay functionality into the scatter
loading mechanism.

Frame pointer calling standard

Use of aframe pointer call standard when compiling C or C++ code is warned against
inthe SDT 2.50 and ARM C++ 1.10 versions of the compilers.

Impact

Any makefile or APM project file that usesaframe pointer call standard ( - apcs / f p)
will now generate a warning from the compilers.

Future release

A new procedure call standard will be introduced with afuture release of the compilers.

Reentrant code

Use of the reentrant procedure call standard when compiling C or C++ code is warned
against in the SDT 2.50 and ARM C++ 1.10 versions of the compilers.

Impact

Any makefile or APM project file that uses the reentrant procedure call standard
(-apcs /reent) will now generate awarning from the compilers.

Future release

A new procedure call standard will be introduced with a future release of the compilers.

ARM Symbolic Debug Table format (ASD)

Becausethe preferred (and default) debug table format isnow DWARF 2, the compilers
and assembler will warn when asked to generate ASD debug tables.

Impact

Any makefiles with a compiler or assembler command-line option of -g+ —asd ~ will
now produceawarning. For existing APM projectsin which debugging information has
been requested, there will be no warning and DWARF 2 debug tables will be emitted
instead, because thisis the new default for the compilers and assembler.

Future release

In afuture rel ease of the compilers and assembler, ASD will be made obsolete, and its
use will be faulted.

Copyright © 1997 and 1998 ARM Limited. All rights reserved. ARM DUI 0041C



Introduction

Demon debug monitor and libraries

Thisfeature is obsolete. The Demon Debug monitor is now obsolete and support for it
has been removed from the SDT. Thereisno longer ar enot e_d. dl | selectableasa
remote debug connection in ADW, and Demon C libraries are not supplied with SDT

2.50.

Angel as a linkable library, and ADP over JTAG

Thisfeatureis obsolete. Full Angel isno longer available asalibrary to be linked with
aclient application. The version of Angel that runs on an Embedded| CE and acts as an
ADP debug monitor (adpj t ag. r on) isalso no longer available.

ROOT, ROOT-DATA and OVERLAY keywords in scatter load description

Inthe SDT 2.11 manuals, use of the ROOT, ROOT- DATA and OVERLAY keywordsin a
scatter load description file was documented, and a later Application Note warned
against its use. The linker now warns against use of these keywords.

Impact

Any existing scatter load descriptions that use ROOT, ROOT- DATA or OVERLAY
keywords will now generate a warning, but the behavior will be as expected.

Future release
In afuture rel ease of the linker, use of ROOT, ROOT- DATA and OVERLAY will be faulted.

Automatically inserted ARM/Thumb interworking veneers

In SDT 2.114, the linker warned of calls made from ARM code to Thumb code or from
Thumb codeto ARM code (interworking calls) when the destination of the call was not
compiled for interworking with the - apcs /i nt er wor k option. In spite of the
warning, an interworking return veneer was inserted.

In SDT 2.50, the linker faults inter-working calls to code that cannot return directly to
the instruction set state of the caller, and creates no executable image.

Impact

Existing code that caused the interworking warning in SDT 2.11ais now faulted
becausethe return veneersinserted by the SDT 2.11alinker can causeincorrect program
behavior in obscure circumstances.

ARM DUI 0041C
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Deprecated PSR field specifications

The assembler now warns about the use of the deprecated field specifiers CPSR,
CPSR_flg, CPSR_ctl, CPSR_all, SPSR, SPSR_flg, SPSR_ctl, and SPSR_all.

ORG no longer supported in the assembler

The ORG directive is no longer supported in the assembler. Its use conflicts with the
scatter |oading mechanism supported by the linker.

Impact

Existing assembly language sources that use the ORGdirective will no longer assemble.
The effect of the ORG directive can be obtained by using the scatter loading facility of
the linker.
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Chapter 2
The ARM Compilers

This chapter provides details of the command-line options to the ARM and Thumb, C
and C++ compilers. It assumes that you are familiar with the basic concepts of using
command-line software development tools, such as those provided with the ARM
Software Development Toolkit. For an introduction to command-line devel opment, see
the ARM Software Development Toolkit User Guide.

This chapter contains the following sections:
. About the ARM compilers on page 2-2
. File usage on page 2-6

. Command syntax on page 2-11.

ARM DUI 0041C Copyright © 1997 and 1998 ARM Limited. All rights reserved. 2-1



The ARM Compilers

2.1 About the ARM compilers
The ARM C and C++ compilers compile both ANSI C and the dialect of C used by
Berkeley UNIX. Wherever possible, the compilers adopt widely used command-line
options that are familiar to users of both UNIX and Windows'MS-DOS.
In addition, the ARM C++ compilers compile C++ that conforms to the | SO/IEC Draft
Standard for C++ (December 1996). See C++ language feature support on page 3-49
for adetailed description of ARM C++ language support.

Note

The ARM C compilers are provided as standard with the Software Devel opment
Toolkit. The ARM C++ compilers are available separately. Contact your distributor or
ARM Limited if you want to purchase the ARM C++ compilers.

211 Compiler variants
All ARM C and C++ compilers accept the same basic command-line options. The
descriptionsin this chapter apply to all compilers. Where specific compil ers have added
features or restrictions they are noted in the text. Where an option applies only to C++
thisisaso noted in the text.
There are two variants of the C compiler:
armcc compiles C source into 32-bit ARM code
tcc compiles C source into 16-bit Thumb code.
Throughout this chapter, armcc and tcc are referred to together asthe ARM C
compilers.
There are two variants of the C++ compiler:
armepp compiles C or C++ source into 32-bit ARM code
tepp compiles C or C++ sourceinto 16-bit Thumb code.
Throughout this chapter, armcpp and tcpp are referred to together asthe ARM C++
compilers.
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2.1.2 Source language modes

The ARM compilers have anumber of distinct source language modes that can be used
to compile several varieties of C and C++ source code. The source language modes
supported are:

ANSI C mode

In ANSI C mode, the ARM compilers are tested against release 7.00 of
the Plum Hall C Validation Suite (CVS). This suite has been adopted by
the British Standards Institute for C compiler validation in Europe.

The compiler behavior differs from the behavior described in the
language conformance sections of the CV Sin the following ways:

. An empty initializer for an aggregate of complete type generates a
warning unlessf ussy is specified. For example:

int x[3] = {};

. The expressioni n( DBL_MAX) causes a floating-point trap if
-apcs / hardf p is specified.

. There is no support for thet ype. h andwchar . h headers.

PCC mode In PCC mode, the compilers accept the dialect of C that conforms to the
conventions of Berkeley UNIX (BSD 4.2) Portable C compiler C (PCC).
This dialect is based on the original Kernighan and Ritchie definition of
C, and is the one used on Berkeley UNIX systems.

C++ mode This mode applies only to the ARM C++ compilers. In C++ mode, the
ARM C++ compilers compile C++ as defined by the ISO/IEC Draft
Standard. The compilers are tested against Suite++, The Plum Hall
Validation Suite for C++, version 4.00. This is the default language mode
for the ARM C++ compilers.

Cfront mode

This mode applies only to the ARM C++ compilers. In Cfront mode, the
ARM C++ compilers are more likely to accept programs that Cfront
accepts. For example, in Cfront mode the scope of identifiers declared in
f or statements extends to the end of the statement or block containing
thef or statement.

The following differences change the way C++ programs that conform to
the C++ Draft Standard behave:
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. In Cfront modeD: : D in the following example is a copy
constructor an@: : oper at or = is a copy assignment:

struct B { };
struct D { D(const B&); operator=(const B&); };

In non-Cfront mode, the compiler generates an implicit copy
constructor and copy assignment. A warning is generated. In C++
mode, only const D& or’' D& will work.

. Implicit conversions tooi d**, voi d***, and so on, are allowed.
For example:
int* p;
void **pp = &p;
This is not normally allowed in C or C++. No warning is given.

. The scope of variables declared v statements extends to the
end of the enclosing scope. For example:

for (int i =0; i < 10; ++i) g(i);
int j =1i; /1 accepted only in Cfront node

No warning is given.

. The macro _CFRONT_LI KE is predefined tad.

The following differences allow programs that do not conform to the
Draft Standard to compile:

. Typedefs are allowed in some places where only true class names
are permitted by the Draft Standard. For example:

struct T { T(); ~T(); };

typedef T X

X X() {} /1 not |egal
void f(T* p) { p->X:~X(); }// not |egal

No warning is given.

. The following constructs generate warnings instead of errors:
. jumps past initializations of objects with no constructor

. delete [e] p

. enum {, k}

. enum {k2,}

. class T { friend X; }; // should be friend
class X

For more information on how to use compiler options to set the source mode for the
compiler, refer tcsetting the source language on page 2-16.
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2.1.3 Compatibility between compilers

The code generated by armcc is completely compatible with that generated by armcpp.
Similarly, the code generated by tcc is completely compatible with that generated by
tepp.

Note ——

Refer to the ARM Software Devel opment Tool kit User Guide for information on how to
link compiled ARM and Thumb code together.

214 Library support

The SDT provides ANSI C libraries in both source and binary form, and Rogue Wave
C++ librariesin prebuilt binary form. Refer to Chapter 4 The C and C++ Librariesfor
detailed information about the libraries.

ARM DUI 0041C Copyright © 1997 and 1998 ARM Limited. All rights reserved. 2-5



The ARM Compilers

2.2

221

File usage

This section describes:
. the file naming conventions used by the ARM compilers
. how the ARM compilers search fér ncl ude header files and source files.

Naming conventions

The ARM compilers use suffix naming conventions to identify the classes of file
involved in the compilation and linking processes. The names used on the command
line, and as arguments to preprocessarcl ude directives, map directly to host file
names under UNIX and Windows/MS-DOS.

The ARM compilers recognize the following file suffixes:

fil enane.

fil enane.

fil enane.
fil enane.

fil enane.

Portability

Cc

S

| st

A C or C++ source file.

In addition, the ARM C++ compilers recognize suffixes of the
form. c*, such as:

* - Cpp
. .cp

. . C++

b . CC
and their uppercase equivalents.

A header file. This is a convention only. It is not specifically
recognized by the compiler.

An ARM object file.
An ARM or Thumb assembly language file.

A compiler listing file. This is an output file only.

The ARM compilers support multiple file naming conventions on all supported hosts.
Follow these guidelines:

. ensure that filenames do not contain spaces
. make embedded pathnames relative, rather than absolute.

2-6
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In each host environment the compilers support:
. Native filenames.

. Pseudo UNIX filenames. These have the format:
host - vol unme- nane: / rest - of -uni x-fil e- nane

. UNIX filenames.

Filenames are parsed as follows:
. a name starting withost - vol une- nane: / is a pseudo UNIX filename

. a name that does not start whidst - vol une- nane: / and contains is a UNIX
filename

. otherwise, the name is a host name.

Filename validity

The compilers do not check that filenames are acceptable to the host file system. If a
filename is not acceptable, the compiler reports that the file could not be opened, but
gives no further diagnosis.

Output files

By default, the object, assembler, and listing files created by a compiler are stored in th
current directory. Object files are written in ARM Object Format (AOF). AOF is
described in Chapter J&RM Object Format.

2.2.2 Included files

There are a number of factors that affect how the ARM compilers sea#imfdrude
header files and source files. These include:

. The-1 and-j compiler options.

. The- f k and- f d compiler options.

. The value of the environment variaABMINC.

. Whether the filename is an absolute filename or a relative filename.

. Whether the filename is between angle brackets or double quotes. This
determines whether or not the file is sought in the in-memory file system.

The in-memory file system

The ARM compilers have the ANSI C library headers built into a special, textually
compressed, in-memory file system. By default, the C header files are used from this
file system. The in-memory file system can be specified explicitly on the command line
as-j- and-1-.

ARM DUI 0041C
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In addition, the C++ header filesthat are equivalent to the C library header filesare also
stored in the in-memory file system. The Rogue Wave library header files, and the
ARM-supplied headers such asi ost r eam h are not stored in the in-memory file
system.

Enclosing a#i ncl ude filename in angle brackets indicates that the included fileis a
system file and ensures that the compiler looks first in its built-in file system. For
example:

#i ncl ude <stdio. h>

Enclosing a#i ncl ude filename in double quotes indicates that it is not a system file.
For example:

#i nclude "nyfile.h"

In this example, the compiler looks for the specified file in the appropriate search path.
Refer to Specifying search pathson page 2-17 for detailed information on how the ARM
compilers search for include files.

The current place

By default, the ARM compilersadopt the search rules used by Berkeley UNIX systems.
Under these rules, source files and #i ncl ude header files are searched for relative to
the current place. The current placeisthe directory containing the source or header file
currently being processed by the compiler.

When afileisfound relative to an element of the search path, the name of the directory
containing that file becomes the new current place. When the compiler has finished
processing that file, it restoresthe previous current place. At eachinstant, thereisastack
of current places corresponding to the stack of nested #i ncl ude directives.

For example, if the current place is ~/ ar n250/ i ncl ude and the compiler is seeking
theincludefilesys/ def s. h, it will locate ~/ ar n250/ i ncl ude/ sys/ def s. hif it
exists.

When the compiler begins to process def s. h, the current place becomes
~/ ar n250/ i ncl ude/ sys. Any fileincluded by def s. h that is not specified with an
absolute pathname is sought relative to ~/ ar 250/ i ncl ude/ sys.

You can disablethe stacking of current placeswith the compiler option- f k. Thisoption
makes the compiler use the search rule originally described by Kernighan and Ritchie
in The C Programming Language. Under this rule, each non-rooted user #i ncl ude is
sought relative to the directory containing the source file that is being compiled.

2-8
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The ARMINC environment variable

You can set the ARMINC environment variable to specify alist of directoriesto be
searched for included header and source files. Directories listed here will be searched
immediately after any directories specified by the- | option onthe command line. If the
-j optionisused, ARMINC isignored.

The search path

Table 2-1 shows how the various command-line options affect the search path used by
the compiler for included header and sourcefiles. The search path isdifferent for double
guoted include files and angle bracketed include files. The following conventions are

used in the table:

. : remmeans the in-memory file system in which the ARM compilers store ANSI
C and some C++ header files. Sbein-memory file systemon page 2-7 for more
information.

. ARM NC s the list of directories specified by tABMINC environment variable,
if it is set.

. CP is the current place. Sd@&e current place on page 2-8 for more information.

. I di r andj di r s are the directories specified by theand-j compiler options.
Note that multiple I options may be specified and that directories specified by

-1 are searched before directories specifiedjhyirrespective of their relative
order on the command line. To specify the in-memory file systemluseor

j-.

Table 2-1 Include file search paths

CO”.‘p”er <include> "include.h"

Option

not -1 or -j :mem ARMNC CP, ARM NC, : nem

-j jdirs CP, jdirs

- :mem ldirs, ARM NC CP, Idirs, ARMNC, :nmem
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Table 2-1 Include file search paths (Continued)

CO”.‘p"er <include> "include.h"

Option

both -1 and Idirs, jdirs CP, Idirs, jdirs

-]

-fd no effect Removes CP from the search
path. Double quoted include files
are searched for in the same way
as angle bracketed includefiles.

-fk no effect Makes CP follow Kernighan and

Ritchie search rules.
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2.3 Command syntax

This section describes the command syntax for the ARM C and C++ compilers.

Many aspects of compiler operation can be controlled using command-line options. All
options are prefixed by aminus sign, and some options are followed by an argument. In
most cases the ARM C and C++ compilers allow space between the option |etter and
the argument.

23.1 Invoking the compiler

The command for invoking the ARM compilersis:

conpi | er_nane [ PCS-options] [ source-|anguage] [ search-paths]
[ preprocessor-options] [output-format] [target-options]

[ debug- options] [ code-generation-options] [ warning-options]
[ addi tional -checks] [error-options] [mscellaneous-options]
source...

where:
conpi | er_nanme  isone of armcc, tcc, armepp, tcpp.

PCS- opt i ons specify the procedure call standard to use. See Procedure Call
Standard options on page 2-14 for details.

sour ce- | anguage specifiesthe sourcelanguagethat isaccepted by the compiler. The
defaultisANSI Cfor the C compilersand Draft Standard C++ for
the C++ compilers. See Setting the source language on page 2-16
for details.

sear ch- pat hs specify the directories that are searched for included files. See
Soecifying search paths on page 2-17 for details.

preprocessor-options
control aspects of the preprocessor, including preprocessor output
and macro definitions. See Setting preprocessor options on page
2-18for details.

out put-format  specifiesthe format for the compiler output. You can use these
options to generate assembly language output (including
interleaved source and assembly language), listing files and
unlinked object files. See Specifying output format on page 2-19
for details.

target-options specify the target processor and architecture. See Specifying the
target processor and architecture on page 2-20 for details.

ARM DUI 0041C
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debug-options  specify whether or not debug tables are generated, and their
format. See Generating debug information on page 2-23 for
details.

code- gener ati on- opt i ons
specify options such as optimization, endianness, and alignment
of data produced by the compiler. See Controlling code
generation on page 2-24 for details.

war ni ng- opt i ons control whether specific warning messages are generated. See
Controlling warning messages on page 2-29 for details.

addi ti onal - checks

specify anumber of additional checksthat can be applied to your
code, such as checks for data flow anomalies and unused
declarations. See Specifying additional checks on page 2-32 for
details.

error-options alow you to:
. turn specific recoverable errors off
. downgrade specific errors to warnings.
SeeControlling error messages on page 2-33 for details.

pragma- opt i ons allows you to emulatgpr agma directives. Se€ragma
emulation on page 2-35 for details.

source are the filenames of one or more text files containing C or C++
source code, or - to specify keyboard input. By default, the
compiler looks for source files, and creates object, assembler, and
listing files in the current directory.

The following points apply to specifying compiler options:

. Compiler options beginning withAM(warning options), e (error options), anelf
can have multiple modifiers specified. For exampteéy and- f p can be
combined asf ph. Similarly - W and- Wj can be combined as\ g.

. Other compiler options, such as debug options, may have specific shortcuts for
common combinations. These are described in the appropriate sections below.
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Reading compiler options from a file
The following option enables you to read additional command-line options from afile:

-via filenane
Opens afile and reads additional command-line options from it. For
example:
arncpp -via input.txt options source.c
Theoptions specifiedin f i | enane areread at the sametime asany other
command-line options are parsed. If - vi a is specified in the Extra
command line arguments text box of the APM Compiler Configuration
dialog, the command-line options are immediately read into the tool
configuration settings.

You can nest - vi a calswithin - vi a files.

Specifying keyboard input

Use - (minus) as the source filename to instruct the compiler to take input from the
keyboard. Input isterminated by entering Ct r | - Dunder UNIX, or Ctr| - Zunder aM S
Windows DOS environment.

An assembly listing for the function is sent to the output stream at the end of each C or
C++ function if either:

. no output file is specified
. the- E compiler option is not specified.

If an output file is specified with theo option, an object file is written. If theE option
is specified, the preprocessor output is sent to the output stream.
Getting help and version information

Use the hel p compiler option to view a summary of the compiler command-line
options.

Use the vsn compiler option to display the version string for the compiler.

Redirecting standard errors

Use the errors fil ename compiler option to redirect compiler error output to a file.
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2.3.2 Procedure Call Standard options

This section applies to both:
. the ARM Procedure Call Standard (APCS), used by armcc and armcpp
. the Thumb Procedure Call Standard (TPCS), used by tcc and tcpp.

Refer to Chapter 8RM Procedure Call Standard and Chapter 10humb Procedure
Call Sandard for more information on the ARM and Thumb procedure call standards.

Use the following command-line options to specify the variant of the procedure call
standard (PCS) that is to be used by the compiler:

-apcs qualifiers

The following rules apply to theapcs command-line option:
. there must be a space betweapcs and the first qualifier

. at least one qualifier must be present, and there must be no space between
qualifiers.

If no - apcs options are specified, the default for all compilers is:
-apcs / nof p/ noswst/ narrow soft f p/ nonreent rant

The qualifiers are listed below.

Stack checking

[ swst ackcheck
Software stack-checking PCS variant.

[ noswst ackcheck
No software stack-checking PCS variant. This is the default.

Frame pointers

Ifp Use a dedicated frame-pointer register. This option is obsolete and is
provided for backwards compatibility only.

/ nof p Do not use a frame-pointer register. This is the default.

Floating-point compatibility

/softfp Use software floating-point library functions for floating-point code.
This is the default for ARM processors without an FPU, and the only
floating-point option available in tcc or tcpp.
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Thisoption implies- f pu none. Use the -fpu option in preference to
/ sof t f p and/ har df p. See Specifying the target processor and
architecture on page 2-20 for more information.

/ hardf p Generate ARM coprocessor instructions for the FPA floating-point unit.
You may also specify / f pregar gs or/ nof pregargs. The/ hardf p
and/ sof t f p optionsaremutually exclusive. Thisoptionisnot available
in tcc or tcpp.

Thisoptionimplies- f pu f pa. Usethe-f pu option in preference to
/ sof t f p and/ har df p. See Specifying the target processor and
architecture on page 2-20 for more information.

[ f pr egar gs Floating-point arguments are passed in floating-point registers. This
option is not available for in tcc or tcpp, and is the default for ARM if
/ har df p is selected.

[ nof pregar gs
Floating-point arguments are not passed in floating-point registers. This
option is not available in tcc or tcpp. This option is obsolete and is
available for backwards compatibility only.

ARM/Thumb interworking

[ noi nt er wor k
Compile code for no ARM/Thumb interworking. Thisisthe default.

/i nt er wor k Compile codefor ARM/Thumb interworking. Refer to the ARM Software
Development Toolkit User Guide for more information on ARM/Thumb
interworking.

Narrow parameters

/narrow  Forfunctionswith parametersof narrow type(char ,short ,f | oat ), this
option converts the corresponding actual arguments to the type of the
parameter. Thisisknown as caller-narrowing. It requiresthat all callsbe
within the scope of a declaration containing the function prototype.

Thisisthe default. In PCC maode, / nar r ow only affects ANSI-style
function prototypes. PCC-style functions always use callee-narrowing
(seethe/ wi de PCS option).
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/wi de For functionswith parametersof narrow type(char ,short ,f | oat ), this
option applies the default argument promotions to its corresponding
actual arguments, and passes them asi nt or doubl e. Thisisknown as
callee-narrowing. This option is obsolete and is provided for backwards
compatibility only.

Reentrancy

[ reentrant Reentrant PCS variant. Thisoption is obsolete and is provided for
backwards compatibility only. The SDT 2.5 linker will not link objects
compiled with - apcs /reentrant.

/[ nonr eent r ant
Non-reentrant PCS variant. This is the default.

2.3.3 Setting the source language

This section describes options that have amajor effect on the source language accepted
by the compiler. The compiler modes are described in detail in Source language modes
on page 2-3. See also, Controlling code generation on page 2-24.

Thefollowing options can be used to specify the source language that the compiler isto
accept, and how strictly it enforces the standards or conventions of that language. If no
source language option is specified, the C compilers attempt to compile ANSI C, and
the C++ compilers attempt to compile C++ that conforms to the Draft Standard.

- ansi Compiles ANSI standard C. Thisisthe default for armcc and tcc.
-ansic Compiles ANSI standard C. This option is synonymous with the - ansi
option.

-cfront This option applies to the C++ compilers only.

The compiler altersits behavior so that it is more likely to accept C++
programs that Cfront accepts.

-fussy Isextrastrict about enforcing conformancetothe ANSI C standard, Draft
C++ standard, or PCC conventions. For example, in C++ mode the
following code givesan error when compiled with - f ussy and awarning
without:

static struct T {int i; };

Because no object isdeclared, thest at i c isspurious. Inastrict reading
of the C++ Draft Standard, itisillegal.
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- pcc Compiles (BSD 4.2) Portable C compiler C. Thisdialect is based on the
origina Kernighan and Ritchie definition of C, and is the one used to
build UNIX systems. The - pcc option alters the language accepted by
the compiler, however thebuilt-in ANSI C headersare till used. Seealso,
the - zc option in Controlling code generation on page 2-24.

The - pcc option alters the language accepted by the compilersin the
following ways:

. char is signed

. si zeof is signed

. an approximation of early UNIX-style C preprocessing is used.

-pedantic This is a synonym forf ussy.

-strict This is a synonym forf ussy.

2.34 Specifying search paths

The following options allow you to specify the directories that are searched for included
files. The precise search path will vary depending on the combination of options
selected, and whether the include file is enclosed in angle brackets or double quotes.
Refer tolncluded files on page 2-7 for full details of how these options work together.

-1 di r- name Adds the specified directory to the list of places that are searched for
included files. The directories are searched in the order they are given, by
multiple - I options. The in-memory file system is specified by .

-fk Uses Kernighan and Ritchie search rules for locating included files. The
current place is defined by the original source file and is not stacked. See
The current place on page 2-8 for more information. If you do not use this
option, Berkeley-style searching is used.

-fd Makes the handling of quoted include files the same as angle-bracketed
include files. Specifically, the current place is excluded from the search
path.

-jdir-1ist Adds the specified comma-separated list of directories to the end of the
search path, after all directories specified byoptions. Usej - to
search the in-memory file system.

ARM DUI 0041C
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235 Setting preprocessor options

The following command-line options control aspects of the preprocessor. Refer to

Pragmas controlling the preprocessor on page 3-3 for descriptions of other

preprocessor options that can be set by pragmas.

-E Executes only the preprocessor phase of the compiler. By default, output
from the preprocessor is sent to the standard output stream and can be
redirected to afile using standard UNIX/M S-DOS notation. For example:
conpi |l er-nane -E source.c > rawc
You can also use the - o option to specify an output file.

By default, comments are stripped from the output. See also the - C
option, below.

-C Retains comments in preprocessor output when used in conjunction with
- E. Notethat this option is different from the - ¢ (lowercase) option, that
suppresses the link step. See Specifying output format on page 2-19 for a
description of the - ¢ option.

-M Executes only the preprocessor phase of the compiler, aswith - E. This
option produces alist of makefile dependency lines suitable for use by a
make utility.

By default, output is on the standard output stream. You can redirect
output to afile by using standard UNIX/MS-DOS notation. For example:
conpi |l er-name -M source.c >> Makefile

You can also specify an output file with the - o option.

-MD Aswith - M This option writes alist of makefile dependency lines
suitable for use by amake utility to i nput fi | enane. d

- MD- This option appliesto the ARM Project Manager. When specified in the
APM build step command line it writes makefile dependencies to the
invoking Project Manager.

- Dsynmbol =val ue
Defines symbol as a preprocessor macro, asif the following line were at
the head of the sourcefile:

#define synmbol val ue
This option can be repeated.

-Dsynbol  Defines symbol as a preprocessor macro, as if the following line were at

the head of the sourcefile:
#define synbol
2-18 Copyright © 1997 and 1998 ARM Limited. All rights reserved. ARM DUI 0041C
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The symbol is given the default value 1. This option can be repeated.
Undefines symbol, asif the following line were at the head of the source
file:

#undef synbol

This option can be repeated.

2.3.6 Specifying output format

By default, sourcefiles are compiled and linked into an executable image. You can use
the following options to direct the compiler to create unlinked object files, assembly
language files, and listing files from C or C++ source files. You can a so specify the
output directory for files created by the compiler. Refer to Setting preprocessor options
on page 2-18 for information on creating listings from the preprocessor output.

-C

-list

-fi

-fj

-fu

Does not perform the link step. The compiler compiles the source
program, and leaves the object filesin either the current directory, or the
output directory if specified by the - o option. Note that this option is
different from the - C (uppercase) option described in Setting
preprocessor options on page 2-18.

Creates alisting file. This consists of lines of source interleaved with
error and warning messages. You can gain finer control over the contents
of thisfileby usingthe-fi,-fj, and - f u options in combination with
-list.

When used with - | i st , lists the lines from any files included with
directives of the form #i ncl ude "file".

When used with - | i st , lists the lines from any files included with
directives of the form #i ncl ude <fil e>.

When used with - | i st , listsunexpanded source. By default, if - | i st is
specified, the compiler lists the source text as seen by the compiler after
preprocessing. If - f u is specified, the unexpanded source text is listed.
For example:

p = NULL; /* assune #defined NULL O */
If - f u isnot specified, thisislisted as:

p = 0;

If -fuisspecifieditislisted as:

p = NULL;
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2.3.7

-o file

-fs

Names thefile that holds the final output of the compilation:

. in conjunction with- c, it names the object file

. in conjunction with- S, it names the assembly language file

. in conjunction with E, it specifies the output file for preprocessed
source.

. if none of- ¢ , - S, or- E are specified, it names the final output of
the link step.

If no - o option is specified, the name of the output file defaults to the
name of the input file with the appropriate filename extension. For
example, the output frofri | el. c isnamedi | el. o if the- ¢ option is
specified, andi | el. s if - Sis specified. If Eis specified output is sent
to the standard output stream.

If none of-c, - S, or- E is specified, an executable image cafletle2
is created.

If fileis specified as, output is sent to the standard output stream.

Writes a listing of the assembly language generated by the compiler to a
file, and does not generate object code. The name of the output file
defaultstd i | e. s inthe current directory, whefé | e. ¢ is the name of

the source file stripped of any leading directory names. The default can
be overridden with theo option.

When used with -S, writes a file containing C or C++ source code
interleaved line by line with the assembly language generated by the
compiler from that source code.

Specifying the target processor and architecture

The options described below specify the target processor or architecture for a
compilation. The compiler may take advantage of certain features of the selected
processor or architecture, such as support for halfword instructions and instruction
scheduling. This may make the code incompatible with other ARM processors.

If neither a- processor or-archi t ect ur e option is specified, the default is
-processor ARM/TDM .

The following general points apply to processor and architecture options:

. If you specify & ar chi t ect ur e option, the compiler compiles code that runs on
any processor that supports that architecture.

To enable halfword load and store instructions, specify one of the
architecture 4 options, or specify an appropriate processor using a
- processor option such as ARM7TDMI, ARM9TDMI, or StrongARM1.

2-20
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. To enable long multiply, specifyar chi t ect ure 3M -architecture
4,-architecture 4M or-architecture 4T, or specify an appropriate
- processor option such as ARM7DMI.

. If you specify & pr ocessor option, the compiler compiles code and optimizes
specifically for that processor. The code may be incompatible with other ARM
processors that support the same architecture.

For example, apr ocessor option may imply the presence of specific
coprocessors, or allow instruction scheduling for optimum performance on the
specified processor.

. Specifying a Thumb-aware processor, suchpa®cessor ARM/TDM , to
armcc or armcpp does not make these compilers generate Thumb code. It only
allows features of the processor to be used, such as support for halfword
instructions. You must use tcc or tcpp to generate Thumb code.

The following options are available:

-architecture n

Specifies the ARM architecture version that compiled code will comply
with. Valid values fon are:

. 3

. 3M

. 4

. aM

. 4xM. This is architecture 4M without long multiply instructions.
. 47

. 4TxM. This is architecture 4T without long multiply instructions.

It is not necessary to specify bothr chi t ect ur e and- processor . If
a- ar chi t ect ur e option is specified and-gr ocessor option is not,
the default processor is generic.

-cpu nanme This is a synonym for thepr ocessor option.
-fpu nane Select the target FPU, whervene is one of:

none No FPU. Use software floating point library. This option
implies/ sof t f p.

f pa Floating Point Accelerator. This option implieisar df p.
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-processor

nane

Compiles codefor the specified ARM processor where nane isthe name
of the ARM processor. It is not necessary to specify both
-architectureand-processor.The- processor optionisspecific
to an individual processor. The - ar chi t ect ur e option compiles code
for any processor that conformsto the specified architecture. Valid values

are:
ARMS
ARMY
ARM/M
ARM/ TM
ARMIT
ARM/TDI

ARM/ TDM

ARMB

ARMD
ARMBTDM
SA-110

St r ongARML

generic

Implements architecture 3.
Implements architecture 3.
Implements architecture 3M.
Implements architecture 4T.
Implements architecture 4TxM.
Implements architecture 4TxM.

Implementsarchitecture4T. Thisisthedefault if no
-processor andno-architecture optionsare
specified. If - ar chi t ect ur e is specified and

- processor isnot, the default processor is
generic.

Implements architecture 4.
Implements architecture 4.
Implements architecture 4T.
Implements architecture 4.
Implements architecture 4.

This processor name is used when compiling for a
specified architecture and no - pr ocessor option
is specified.

2-22
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2.3.8 Generating debug information

Usethe following options to specify whether debug tables are generated for the current
compilation, and the format of the debug table to be generated. Refer to Pragmas
controlling debugging on page 3-4 for more information on controlling debug
information.

Note

Optimization criteria may impose limitations on the debug information that can be
generated by the compiler. Refer to Defining optimization criteria on page 2-25 for
more information.

Debug table generation options
The following options specify how debug tables are generated:

-g+ Switches the generation of debug tables on for the current compilation.
Debug table options are as specified by - gt . Optimization options for
debug code are as specified by - O. - g isasynonym for - g+, but itsuseis
deprecated. By default, the - g+ option is equivalent to:

-g+ -dwarf2 -Q0 -qgt

By default, debug datais not generated for i nl i ne functions. You can
change this by using the debug_i nl i nes pragma. Refer to Pragmas
controlling debugging on page 3-4 for more information.

-9- Switches the generation of debug tables off for the current compilation.
Thisisthe default.

-gt[/etters]

When used with - g+, specifies the debug tables entries that generate
sourcelevel objects. Debug tables can bevery large, so it can be useful to
limit what isincluded:

-gt All available entries are generated. Thisis the default.

-gtp Tables should not include preprocessor macro definitions.
Thisoptionisignored if DWARF1 debug tables are generated,
because there is then no way to describe macros.

The effect of:

-g+ -gt T-options
can be combined in:
-gT-options
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-gx[letters]

The following options are obsol ete and are provided for backwards
compatibility only. Use the - O options instead. Refer to Defining
optimization criteria on page 2-25.

These options specify the level of optimization allowed when generating
debug tables:

- gx No optimizations. This has the same effect as the - G0 option.

- gXr Unoptimized register allocation. This option is supported in
thisrelease of the Software Development Toolkit, butitsuseis
not recommended.

- gxo This option has the same effect asthe - OL option.

Debug table format options

Thefollowing options control theformat of the debug table generated when debug table
generation is turned on with - g+:

-asd

- dwar f

-dwarf 1

-dwar f 2

Use ASD debug table format. This option is obsolete and is provided for
backwards compatibility only.

Use DWARF1 debug tableformat. Thisoptionisobsoleteandisprovided
for backwards compatibility only. Specify - dwar f 1 or - dwar f 2.

Use DWARF1 debug table format. This option is not recommended for
C++.

If DWARF1 debug tablesare generated and aprocedure call standard that
does not use a frame-pointer register is used (always the case with
Thumb, and the default with ARM), local variables that have been
allocated to the stack cannot be displayed by the debugger. In addition,
stack backtrace is not possible.

Use DWARF2 debug table format. Thisis the default.

2.3.9 Controlling code generation

Thefollowing options allow you to control various aspects of the code generated by the
compiler, such as optimization, use of the code and data areas, endianness, and
alignment. Refer to Pragmas on page 3-2 for information on additional code generation
options that are controlled using pragmas. This section describes:

. Defining optimization criteria on page 2-25

. Setting the number of instructions for literals on page 2-26

2-24
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. Controlling code and data areas on page 2-26

. Setting endianness on page 2-28

. Controlling SWI calling standards on page 2-28
. Setting load and store options on page 2-28

. Setting alignment options on page 2-28.

Defining optimization criteria

- Gspace Optimize to reduce image size at the expense of increased execution time
For example, large structure copies are done by out-of-line function calls
instead of inline code.

-Qine Optimize to reduce execution time at the expense of a larger image. For

example, compile:
whi | e (expression) body...;
as.
if ( expression){

do body...;

while ( expressi on);
}
If neither -Otime  or -Ospace is specified, the compiler uses a balance
between the two. You can compile time-critical parts of your code with
-Otime , and therest with-Ospace . You should not specify both-Otime
and -Ospace at the sametime.

-Onunber  Specifiesthe level of optimization to be used. The optimization levels

are:

-00 Turn off all optimization, except some simple source
transformations. Thisisthe default optimization level if debug
tablesare generated with -g+ . It givesthe best debug view and
the lowest level of optimization.

-01 Turn off the following optimizations:

. structure splitting

. range splitting

. Cross-jumping

. conditional execution.

If this option is specified and debug tables are generated with
- g+ it gives a satisfactory debug view with good code density.
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- Generate fully optimized code. If used with - g+, thisoption
produces fully optimized code that is acceptable to the
debugger, though the mapping of object code to source codeis
not always clear.

Thisisthe default optimization level if debug tables are not
generated.

Optimization options have the following effect on the debug view produced when
compiling with - g+:

. If DWARF1 debug tables are generatedvar f 1 compiler option) and a
procedure call standard that does not use a frame-pointer register is used (always
the case with Thumb, and the default with ARM), local variables that have been
allocated to the stack cannot be displayed by the debugger, regardless of
optimization level. In addition, stack backtrace is not possible.

. For all debug tables formats, if optimization levels 1 and higher are used the
debugger may display misleading values for local variables. If a variable is not
live at the point where its value is interrogated, its location may be used for some
other variable. In addition, the compiler replaces some local variables with
constant values at each place the variable is used.

. For all debug table formats, if optimization level 2 is used the value of variables
that have been subject to range splitting or structure splitting cannot be displayed.

Refer toPragmas controlling optimization on page 3-4 for more information on
controlling optimization.

Setting the number of instructions for literals

-zi Number The compiler selects a value for the maximum number of instructions
allowed to generate an integer literal inline before usbBRyr x, =val ue
on the basis of theCt i ne, - Gspace, and- pr ocessor options.

You can alter this behavior by settiNgmber to an integer between 1 and

4. Lower numbers generate less code at the possible expense of speed,
depending on your memory system. The effect of altering this value is
small, and is usually not significant.

Controlling code and data areas

-fw Allows string literals to be writable, as expected by some UNIX code, by
allocating them in the program data area rather than the notionally
read-only code area. This also stops the compiler reusing a multiply
occurring string literal.
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-fy Treats enumerations as signed integers. This option is off by default (no
forced integers).

-zc Make char signed. It isnormally unsigned in C++ and ANSI C modes,
and signed in PCC mode. The sign of char is set by the last option
specified that would normally affect it. For example, if you specify both
the- ansi ¢ and - zc optionsand you want to makechar signedin ANSI
C mode, you must specify the - zc option after the - ansi ¢ option.

-Z0 Generates one AOF areafor each function. This can result in increased
code size.

Normally the compiler generates one AOF function for each C
compilation unit, and at least one AOF function for each C++
compilation unit.

This option enables the linker to remove unused functions when the
- renove linker option is specified.

-zt Disallows tentative declarations. If this option is specified, the compiler
assumes that any occurrence of atop level construct suchasi nt i; isa
definition without initializer, rather than atentative definition. Any
subsequent definition with initializer in the same scope will generate an
error. This may fault code that conforms to the ANSI specification.

This option has effect only for C, not for C++. Tentative declarations are
not permitted in C++. Thisoption is useful in combination with the - zz
and - zas options.

-z2zZl _Threshol d_Size

Sets the value of the zero-initialized data threshold size. The compiler
will place uninitialized global variablesin the Zero Initidized (ZI) data
areaif their sizeis greater than ZI_Threshold Size bytes.

For example, you can force uninitialized global variables of any sizeto
be placed in the ZI data area by specifying - zz0, though this may
increase your code size.

Use this option in combination with - zt to avoid increased code size.
Option - zzt providesaconvenient shorthand. Thedefault threshold size
is 8 bytes.

-zzt ZI _Threshol d_Si ze

Combinesthe- zt and- zz options. For example, specify - zzt 0 toforce
the compiler to disallow tentative declarations and place al uninitialized
global variablesin the ZI data area.
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Setting endianness

- bi gend Compilescodefor an ARM operating with big-endian memory. The most
significant byte has lowest address.

-littl eend Compilescodefor an ARM operating with little-endian memory. The
least significant byte has lowest address. Thisis the defaullt.

Controlling SWI calling standards

-fz Instructs the compiler that an inline SWI may overwrite the contents of
the link register. This option is usually used for modules that runin
Supervisor mode, and that contain inline SWIs. You must use thisoption
when compiling code that contains inline SWIs.

Setting load and store options

-zaNumber Specifies whether LDR may only access word-aligned addresses. Valid
values are;

-za0 LDRisnot restricted to accessing word-aligned addresses. This
isthe default.

-zal LDR may only access word-aligned addresses.

-zr Number  Limits the number of register values transferred by load multiple and
store multiple instructions generated by the compiler to Nunmber. Valid
valuesfor Number are 3to 16 inclusively. The default valueis 16.

You can use this option to reduce interrupt latency. Note that the inline
assembler is not subject to the limit imposed by the - zr option.

The Thumb compiler does not support this option.

Setting alignment options

- zas Nunber Specifies the minimum byte alignment for structures. Valid values for
Nunber are:

1, 2, 4, 8

The default is 4 for both ARM and Thumb compilers. This allows
structure copying to beimplemented more efficiently by copying in units
of words, rather than bytes. Setting alower value reduces the amount of
padding required, at the expense of the speed of structure copying.
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- zapNunber Specifies whether pointers to structures are assumed to be aligned on at
least the minimum byte alignment boundaries, as set by the- zas option.
Valid values are;

-zapl  Pointersto structures are assumed to be aligned on at least the
minimum byte alignment boundaries set by - zas. Thisisthe
default.

-zap0  Pointersto structures are not assumed to be aigned on at least
the minimum byte alignment boundaries set by - zas. Casting
short[ ] tostruct {short, short, ...} doesnotcause
aproblem.

- zat Nunber Specifies the minimum byte alignment for top-level static objects, such
asglobal variables. Valid values for Nunmber are:
1, 2, 4, 8
The default is 4 for the ARM compilers and 1 for the Thumb compilers.

2.3.10 Controlling warning messages

The compiler issues warnings to indicate potential portability problems or other
hazards. The compiler options described below allow you to turn specific warnings off.
For example, you may wish to turn warnings off if you arein the early stages of porting
aprogram written in old-style C. The options are on by default, unless specified
otherwise. See also Specifying additional checks on page 2-32 for descriptions of
additional warning messages.

The general form of the - Wcompiler optioniis:
-W options][+] [ options]
where opt i ons are one or more characters.

If the + character isincluded in the characters following the - W the warnings
corresponding to any following letters are enabled rather than suppressed.

You can specify multiple options. For example:
-\Wad+f g

turns off the warning messages specified by a, d, and turns on the warning message
specified by f and g.

The warning message options are as follows:

-W Suppresses all warnings. If one or more lettersfollow the option, only the
warnings controlled by those letters are suppressed.

ARM DUI 0041C
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-\ Suppresses the warning message:
Use of the assignnent operator in a condition context
Thiswarning is given when the compiler encounters a statement such as:
if (a=0b) {...
whereit is possible that:
if ((a=b) !=0) {...
was intended, or that:
if (a==0b) {...
was intended. Thiswarning is suppressed by default in PCC mode.

- Wb Suppresses the warning message:
ANSI C forbids bit field type 'type’
where’ type’ ischar orshort.

-wi Suppresses the warning message:
Deprecat ed declaration foo() - give arg types

Thiswarning is given when a declaration without argument typesis
encountered in ANSI C mode. Thiswarning is suppressed by default in
PCC mode.

In ANSI C, declarations like this are deprecated. However, it is
sometimes useful to suppress this warning when porting old code.

In C++,voi d foo(); meansvoi d foo(void); and nowarningis
generated.

- W Suppresses the message:
Inventing extern int foo()

Thisisan error in C++ and awarning in ANSI C. Suppressing this may
be useful when compiling old-style Cin ANSI C mode. Thiswarning is
suppressed by default in PCC mode.

-\ Suppressesthewarning given if an unguarded header fileis#i ncl uded.
Thiswarning is off by default. It can be enabled with - Wkg. An
unguarded header file is a header file not wrapped in a declaration such
as.

#i fdef foo_h

#define foo_h

/* body of include file */
#endi f
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- W Suppresses the implicit constructor warning. This warning applies to
C++ only. It isissued when the code requires a constructor to be invoked
implicitly. For example:
struct X { X(int); };

X x = 10; /1 actually neans, X x = X(10);
/'l See the Annotated C++
/| Reference Manual p.272

Thiswarning is off by default. It can be enabled with - Wi .

- W Lower precision in wider context. Thiswarning arisesin cases like:
long x; int y, z; X =y*z

where the multiplication yieldsani nt result that is then widened to

| ong. Thiswarnsin caseswherethe destinationis| ong | ong, or where
thetarget system defines 16-bit integers or 64-bit longs. Thisoption is off
by default. It can be enabled with - WH .

-\Wh Suppresses the warning message:
Inplicit narrow ng cast

Thiswarning is issued when the compiler detects theimplicit narrowing
of along expressioninani nt or char context, or theimplicit narrowing
of afloating-point expression in an integer or narrower floating-point
context.

Such implicit narrowing casts are almost always a source of problems
when moving codethat has been devel oped on afully 32-bit system (such
as ARM C++) to asystem in which integers occupy 16 bits and longs
occupy 32 bits. Thisis suppressed by default.

- Suppresses the warning message:
non-ANSI #include <...>

The ANSI C standard requiresthat you use #include <...> for ANSI C
headers only. However, it is useful to disable this warning when
compiling code not conforming to this aspect of the standard. Thisoption
is suppressed by default, unlessthe -fussy  option is specified.

-Wr Suppresses the implicit virtual warning. Thiswarning isissued when a
non-virtual member function of aderived class hidesavirtual member of
aparent class. It is applicable to C++ only. For example:

struct Base { virtual void f(); };
struct Derived : Base { void f(); };
// warning ‘implicit virtual’

Adding thevi rt ual keyword in the derived class avoids the warning.
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Warns when the compiler inserts padding in ast r uct . Thiswarning is
off by default. It can be enabled with - Wts.

Suppresses the unused t hi s warning. Thiswarning is issued when the
implicitt hi s argument is not used in anon-static member function. It is
applicable to C++ only. The warning can be avoided by making the
member function a static member function.

For C code, suppresses warnings about future compatibility with C++ for
both armcpp and tcpp. Thisoption isoff by default. It can be enabled with
- Whu.

Suppresses the warning message: I nplicit return in non-void
cont ext

This is most often caused by areturn from afunction that was assumed
toreturni nt , because no other type was specified, but isbeing used asa
void function. Thisis widespread in old-style C. Thiswarning is
suppressed by default in PCC mode.

Thisisaways an error in C++.

Disables not used warnings such as:
Warning: function 'foo’ declared but not used

2.3.11 Specifying additional checks

The options described below control avariety of compiler features, including features
that make some checks more rigorous than usual. These additional checkscan bean aid
to portability and good coding practice.

-fa

Checks for certain types of dataflow anomalies. The compiler performs
dataflow analysis as part of code generation. The checks enabled by this
option indicate when an automatic variable could have been used before
it has been assigned avalue. The check is pessimistic and will sometimes
report an anomaly where there is none, especially in code like this:

int initialized = 0, val ue;

if (initialized) { int v = value; ...

... value = ...; initialized = 1; }

Here, value isread-only if initialized has been set. Thisisa
semantic deduction, not a data flow implication, so -fa  reports an
anomaly. In general, it isuseful to check all codeusing-fa at some stage
during its devel opment.
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-fh Checks that:
. all external objects are declared before use
. all file-scoped static objects are used
. all predeclarations of static functions are used between their

declaration and their definition. For example:

static int f(void);

static int f(void){return 1;}

line 2: Warning: unused earlier static declaration
of 'f’

If external objects are only declared in included header files and are never
inline in a source file, these checks directly support good modular
programming practices.

When writing production software, you are encouraged to use€ the
option in the later stages of program development. The extra diagnostics
produced can be annoying in the earlier stages.

-fp Reports on explicit casts of integers to pointers, for example:
char *cp = (char *) anlnteger;
This warning indicates potential portability problems.

Casting explicitly between pointers and integers, although not clean, is
not harmful on the ARM processor where both are 32-bit types.

This option also causes casts to the same type to produce a warning. Fo
example:
int f(int i) {return (int)i;}

/1 Warning: explicit cast to same type.

-fv Reports on all unused declarations, including those from standard
headers.
-fx Enables all warnings that are suppressed by default.

2.3.12 Controlling error messages

The compiler issues errors to indicate that serious problems exist in the code it is
attempting to compile.

The compiler options described below allow you to:
. turn specific recoverable errors off
. downgrade specific errors to warnings.
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——— Caution

These options force the compiler to accept C and C++ source that would normally
produce errors. If you use any of these options to ignore error messages, it means that
your source code does not conform to the appropriate C or C++ standard.

These options may be useful during development, or when importing code from other
environments, however they may allow code to be produced that does not function
correctly and you are advised to correct the code, rather than using these options.

The general form of the - e compiler option is:
-e[ options][+][ options]
where options are one or more of the letters described below.

If the+ character isincluded inthe charactersfollowing the - e, theerrors corresponding
to any following letters are enabled rather than suppressed.

You can specify multiple options. For example:

- eac

turns off the error messages specified by a and ¢

The following options are on by default unless specified otherwise:

-ea This option applies to C++ only. Downgrades access control errors to
warnings. For example:

class A{ void f() {}; }; [l private menber

A a;
void g() { a.f(); } /'] erroneous access

-ec Suppresses all implicit cast errors, such asimplicit casts of anon-zero
i nt topointer.

- ef Suppresses errors for unclean casts, such asshort topointer.

-ei Downgrades constructs of the following kind from errors to warnings.
For example:
const i;
Error: declaration | acks type/storage-class (assumn ng
intt): i

This option appliesto C++ only.
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-el Suppresses errors about linkage disagreements where functions are
implicitly declared ext er n and later defined asst at i c. This option
appliesto C++ only.

-ep Suppresses the error that occurs if there are extraneous characters at the
end of apreprocessor line. Thiserror is suppressed by default in PCC
mode.

-ez Suppresses the error that occursif a zero-length array is used.

2.3.13 Pragma emulation
The following compiler option emulates #pr agma directives:

- zp[ No_] Feat ur eNane
Emulates #pr agma directives. See Pragmas on page 3-2 for details.
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Chapter 3
ARM Compiler Reference

This chapter describes the reference information you may need in order to make
effective use of the ARM compilers. It contains the following sections:

. Compiler-specific features on page 3-2

. C and C++ implementation details on page 3-14

. Sandard C implementation definition on page 3-25

. Sandard C++ implementation definition on page 3-35
. C and C++ language extensions on page 3-37

. Predefined macros on page 3-40

. Implementation limits on page 3-43

. Limits for integral numbers on page 3-46

. Limits for floating-point numbers on page 3-47

. C++ language feature support on page 3-49.
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3.1 Compiler-specific features
This section describes the compil er-specific features supported by the ARM C and C++
compilers, including:
. pragmas
. function declaration keywords
. variable declaration keywords
. type qualifiers.
The features described here are not portable to other compilers.
3.1.1 Pragmas
Pragmas are recognized by the compiler in the following form:
#pragma [ no_] feature-nane
You can also specify pragmas from the compiler command line using:
-zp[ no_] Feat ur eNane
Table 3-1 lists the pragmas recognized by the ARM compilers.
Table 3-1 Pragmas
Pragma Name doenf:Li/It?
check_memory_accesses  No
check_printf_formats Yes
check_scanf_formats Yes
check_stack Yes
continue_after_hash error  No
debug Yes
debug_inlines No
force_top_level No
include_only_once No
once (synonym)
optimize_crossjump Yes
optimize_cse Yes
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Table 3-1 Pragmas (Continued)

On by

Pragma Name default?

optimize_multiple_loads Yes

optimize_scheduling Yes

side_effects Yes

The following sections describe these pragmas in more detail.

Pragmas controlling the preprocessor

The following pragmas control aspects of the preprocessor. Refer to Setting
preprocessor options on page 2-18 for descriptions of other preprocessor options that
can be set from the command line.

continue_after_hash_error
Compilation continues after #er r or .

i ncl ude_only_once
The containing #i ncl ude fileisincluded only once. If itsnamerecursin
asubsequent #i ncl ude directive, the directive isignored. This affects
only thefile currently being processed.

once isasynonym for i ncl ude_onl y_once.

force_top_|l evel

The containing #i ncl ude file should only be included at thetop level of
afile. A syntax error results if the pragmais found within afunction.

Pragmas controlling printf/scanf argument checking
The following pragmas control type checking of printf-like and scanf-like arguments.

check_printf_formats
Marks afunction declared as a printf-like function, so that the arguments
are type checked against the literal format string. If the format is not a
literal string, no type checking isdone. The format string must be the last
fixed argument. For example:

#pragma check_printf_formats

extern void nmyprintf(const char * format,...);
[lprintf fornat

#pragma no_check_printf_formats
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check_scanf formats

Marks afunction declared as a scanf-like function, so that the arguments
are type checked againgt the literal format string. If the format is not a
literal string, no type checking is done. The format string must be the last
fixed argument. For example:

#pragma check_scanf_formats

extern void nyformat(const char * format,...);
/'l scanf format

#pragma no_check_scanf_formats

Pragmas controlling debugging

The following pragmas control aspects of debug table generation:

debug

Controls whether debug tables are produced. If #pr agma no_debug is
specified, debug tables are not generated until the next #pr agna debug.
Thispragmaoverridesthedebug_i nl i nes pragma. It has effect only if
debug table generation is enabled with the - g+ compiler option.

debug_inlines

Controls whether debug tables are produced for i nl i ne functions. This
pragma has effect only if debug table generation is enabled with the - g+
compiler option.

By default the ARM compilers do not generate debug datafor i nl i ne
functions when compiling for debug. Callstoi nl i ne functions are
treated in the same way asif - g+ were not in use.

If #pr agma debug_i nl i nes isspecified, debug tables are generatedin
the following ways:

. If DWARF 1 debug tables are generatedviar f 1 compiler

option),i nl i ne functions are treated as though they were declared

stati c, rather thamnl i ne.

. If DWARF 2 debug tables are generated (the default), the compiler

generates a common code AOF area for éathne function at
its point of definition and never inlines callsitol i ne functions.

Pragmas controlling optimization

The following pragmas allow fine control over where specific optimizations are applied.

Refer toDefining optimization criteria on page 2-25 for information on optimization
options that are specified from the compiler command line.

3-4
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Note

If you are turning off specific optimizations to stop the compiler from optimizing
memory accessinstructions, consider usingthevol ati | e qualifierinstead. vol ati |l e
isalsoavailablein PCC modeunless- f ussy isspecified. Refer to vol atile on page 3-13
for more information.

optim ze_crossjunp
Controls cross-jumping (the common tail optimization). Thisisdisabled
if the- Qi me compiler option is specified.

optim ze_cse
Controls common sub-expression elimination.

optimze_multiple_|l oads
Controls the optimization of multiple load (LDR) instructionsto asingle
load multiple (LDM) instruction.

optim ze_schedul i ng
Controlsinstruction scheduling. Instruction scheduling isthe re-ordering
of machine instructionsto suit the target processor. The ARM compilers
perform instruction scheduling after register allocation and code
generation.

If the- processor StrongARML command-line option is specified, the
compiler performs instruction scheduling for the StrongARM 1.
Otherwise, the compiler performs ARM9 instruction scheduling.

Instruction scheduling is on by default.

no_si de_effects

Use of thispragmais deprecated. Usethe __pur e keyword instead. This
pragma asserts that all function declarations up to the next #pr agnma
si de_ef f ect s describe pure functions.

Functions that are pure are candidates for common sub-expression
elimination. By default, functions are assumed to beimpure. That is, itis
assumed that they have side-effects. This pragma enables you to tell the
compiler that specific functions are candidates for common
sub-expression elimination.

ARM DUI 0041C
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A function is properly defined as pure only if itsresult depends solely on
the value of its scalar argument. This means that a pure function cannot
use global variables, or dereference pointers, because the compiler
assumes that the function does not access memory at all, except for the
stack. When called twice with the same parameters, it must return the
same value.

no_si de_ef f ect s hasthe same effect asthe__pur e keyword.

Pragmas controlling code generation

The following pragmas control how code is generated. Many other code generation
options are available from the compiler command line. Refer to Controlling code
generation on page 2-24 for more information.

no_check_st ack

If stack checkingisenabled with - apcs / swst , thispragmadisablesthe
generation of code at function entry that checksfor stack limit violation.
This should be used only if the function usesless than 256 bytes of stack.

Note that you must use no_check_st ack if you are writing a signal
handler for the SIGSTAK event. When this event occurs, stack overflow
has already been detected. Checking for it again in the handler resultsin
fatal, circular recursion.

check_menory_accesses

This pragmainstructs the compiler to precede each accessto memory by
acall to the appropriate one of:

_rt_rd?chk

_rt_w?chk

where? equals 1, 2, or 4 for byte, halfword, and word writesrespectively.
It isup to your library implementation to check that the address given is
reasonable.

3.1.2 Function declaration keywords

Several function declaration keywords tell the compiler to give a function special
treatment. These function declaration keywords are not portable to other compilers.

Thisinstructs the compiler to compile C functionsinline. The semantics
of __inline areexactly the same asthe C++i nl i ne keyword:

_inline int f(int x) {return x*5+1:}
int f(int x, int y) {return f(x), f(y);}

3-6
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The compiler always compilesfunctionsinlinewhen__i nl i ne isused,
except when debug_i nl i nes is specified (see Pragmas controlling
debugging on page 3-4). Code density and performance could be
adversely affected if thiskeyword is specified for large functionsthat are
called from multiple places.

_irgqg This enables a C or C++ function to be used as an interrupt routine. All
registers, except floating-point registers, are preserved, not just those
normally preserved under the APCS. Also, the function is exited by
setting the pc to Ir—4 and the PSR to its original value. This keyword is
not available in tcc or tcpp.

Refer to Chapter Blandling Processor Exceptions in theARM Software
Development Toolkit User Guide for detailed information on using

_irq.
__pure Asserts that a function declaration is pure.

Functions that are pure are candidates for common sub-expression
elimination. By default, functions are assumed to be impure. That is, it is
assumed that they have side-effects. This keyword tells the compiler that
specific functions are candidates for common sub-expression
elimination.

A function should only properly defined as pure if its result depends only
on the value of its arguments and has no side effects. This means that it
cannot use global variables, or dereference pointers, because the
compiler assumes that the function does not access memory at all, excep
for the stack. When called twice with the same parameters, it must return
the same value.

__Swi A SWI taking up to four integer-like arguments in registers r0 to
r(argcount-1), and returning up to four results in registersr0 to
r(resultcount-1), can be described by afunction declaration. This causes
function invocations to be compiled inline as a SWI.

For a SWI returning O results use:

void __swi(  swi_nunber) sw _nane(intargl,..., intargn);
For example:

void __swi(42) terminate_proc(int procnum);

For a SWI returning 1 result, use:

int__swi( sw _nunber) sw _nanme(intargl,..., int argn);
For a SWI returning more than 1 result use:
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struct { int resl,...,resn; }

__value_in_regs

__swi( swi_nunber) sw _nane(intargl,...,int argn);
The__value_in_regs  qualifier is needed to specify that a small
non-packed structure of up to four words (16 bytes) isreturned in

registers, rather than by the usual structure passing mechanism defined in
the ARM Procedure Call Standard.

Refer to Chapter 9 Handling Processor Exceptionsin the ARM Software
Development Toolkit User Guide for more information.

__swi_indirect

Anindirect SWI that takes the number of the SWI to call as an argument
in r12 can be described by a function declaration such as:

int __swi_indirect( i nd_num) swi_name(int real _num
int argl, .. argn);

where:

i nd_num

Isthe SWI number used in the SWI instruction.

real _num

Isthe SWI number passed in r12 to the SWI handler. It can be
specified at function call.

For example:

int __swi_indirect(0) ioctl(int swino, int fn,
void *argp);

This can be called as:

ioctl(IOCTL+4, RESET, NULL);

It compilesto a SWI 0 with IOCTL+4 in rl12.

Note that your system SWI handlers must support __ swi_indirect

__value_in_regs

This instructs the compiler to return a non-packed structure of up to four
words in registers rather than using the stack. For example:

typedef struct int64_struct {
unsigned int lo;
unsigned int hi;
} int64;
__value_in_regs extern int64 mul64(unsigned a,
unsigned b);

Refer to the ARM Software Development Toolkit User Guidefor
information on the default method of passing and returning structures.

3-8
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If any ext er n function or object declaration isweak, the linker does not
fault an unresolved reference to the function or object. If the reference
remains unresolved, its value is assumed to be zero.

If the reference is made from code that compiles to a Branch or Branch
Link instruction, the referenceis resolved as branching to itself. It is not
possible to reference an unresolved weak symbol with a Branch or
Branch Link instruction only. There must be a guard, such as:

__weak void f(void);
(1) 10

___weak (three underscores) isasynonym for __weak (two
underscores).

3.1.3 Variable declaration keywords

This section describes the implementation of various standard and ARM-specific
variable declaration keywords. Standard C or C++ keywords that do not have

ARM -specific behavior or restrictions are not documented. See also Type qualifierson
page 3-11 for information on qualifierssuch asvol ati | e, and __packed.

Standard keywords

Note

The following keywords can be used only on local variables.

register

You can declare any humber of auto variables to have the storage class
regi st er . Depending on the variant of the ARM Procedure Call
Standard (APCS) that isin use, there are between five and seven integer
registers available, and four floating-point registers.

In general, declaring more than four integer register variables and two
floating-point register variables is not recommended.

Objects of the following types can be declared to have ther egi st er
storage class:

. Any integer type.

. Any pointer type.

. Any integer-like structure, such as any one warduct oruni on
in which all addressable fields have the same address, or any one
word structure containing bitfields only. The structure must be
padded to 32 bits.

ARM DUI 0041C
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. A floating-point type. The double precision floating-point type
doubl e occupies two ARM registers if the software floating-point
library is used.

Ther egi st er keyword is regarded by the compiler as a suggestion only.
Other variables, not declared with thegi st er keyword, may be held

in registers for extended periods and register variables may be held in
memory for some periods.

ARM-specific keywords

Note
The following keywords can be used only on global variables.

The following variable declaration keywords allow you to specify that a declared
variable is allocated to a global register variable:

__global _reg(n)

Allocates the declared variable to a global integer register variable.
Global register variables cannot be qualified or initialized at declaration.
Valid types are:

. Any integer type exceptong | ong.
. Any pointer type.

__gl obal _freg(n)
Allocates the declared variable to a global floating-point register variable.

The variable must have tyfpé oat ordoubl e. This keyword is legal
only if - f pu fpa or-apcs /hardf p is specified.

The global register must be specified in all declarations of the same variable. For
example, the following is an error:

int x; __global _reg(1l) x; /'l error

In addition,__gl obal _r eg variables in C cannot be initialized at definition. For
example, the following is an error in C, and not in C++:

__global _reg(1) int x=1; /* error */

Depending on the APCS variant in use, between five and seven integer registers and
four floating-point registers are available for use as global register variables. In practice,
using more than three global integer register variables and two global floating-point
register variables isot recommended.

3-10
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Unlike register variables declared with the standard r egi st er keyword, the compiler
will not move global register variablesto memory as required. If you declare too many
global variables, code size will increase significantly or, in some cases, your program
may not compile.

Note the following important points:

. You must exercise care when using global register variables. There is no check a
link time to ensure that direct calls are sensible. If possible, any global register
variables used in a program should be defined in each compilation unit of the
program. In general, it is best to place the definition in a global header file.

. Because a global register variable maps to a callee-saved register, its value is
saved and restored across a call to a function in a compilation unit that does nof
use it as a global register variable, such as a library function.

. Calls back into a compilation unit that uses a global register variable are
dangerous. For example, if a global register using function is called from a
compilation unit that does not declare the global register variable, the function
will read the wrong values from its supposed global register variables.

3.14 Type qualifiers

This section describes the implementation of various standard C, C++, and
ARM-specific type qualifiers. These type qualifiers can be used to instruct the compiler
to treat the qualified type in a special way. Standard qualifiers that do not have
ARM-specific behavior or restrictions are not documented.

Note

__packed is not, strictly speaking, a type qualifier. It is included in this section because
it behaves like a type qualifier in most respects.

__packed

The__packed qualifier sets the alignment of any valid type to 1. This means:
. there is no padding inserted to align the packed object
. objects of packed type are read or written using unaligned accesses.

The__packed qualifier cannot be used on:
. floating-point types
. structures or unions with floating-point fields.

The__packed qualifier does not affect local variables of integral type.

ARM DUI 0041C
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Thetop level alignment specified with the - zat compiler option is applied to global
objects. This means that there can be padding between two packed globals. The
structure alignment specified with the - zas compiler option does not apply to packed
structures.

Packed types must be specified with __packed. If you want to use packed rather than
__packed, you must define it:

#define packed __packed

The __packed qualifier appliesto all members of a structure or union whenitis
declared using __packed. Thereis no padding between members, or at the end of the
structure. All sub-structures of a packed structure must be declared using__packed.

A packed structure or union is not assignment compatible with the corresponding
unpacked structure. Because the structures have a different memory layout, the only
way to assign a packed structure to an unpacked structureis by afield by field copy.

The effect of casting away __packed isundefined. The effect of casting a non-packed
structureto __packed isundefined. It islegal toimplicitly cast apointer to an integral
typeto apointer to a packed integral type.

Thereare no packed array types. A packed array issimply an array of objects of packed
type. Thereis no padding.

Note

On ARM processors, access to unaligned data can be expensive, taking up to seven
instructions and three work registers. Data accesses through packed structures should
be minimized to avoid increase in code size, or performance loss.

The__packed qualifier isuseful to map astructureto an external datastructure, or for
accessing unaligned data, but it is generally not useful to save data size because of the
relatively high cost of access.

See Example 3-1 on page 3-13.
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Example 3-1

typedef _ packed struct

{
char x; /1 all fields inherit the _ packed qualifier
int vy;
X /1 5 byte structure, natural alignhment =1
int f(X *p)
return p->y;// does an unaligned read
}
typedef struct
{
short x;
char vy;
__packed int z;
char a;
1Y; /1 8 byte structure, natural alignhment = 2
int g(yY *p)
{
return p->z + p->x; // only unaligned read for z
}
volatile

The standard qualifier vol at i | e informsthe compiler that the qualified type contains
data that may be changed from outside the program. The compiler will not attempt to
optimize accessestovol at i | e qualified types. For example, volatile structures can be
mapped onto memory-mapped hardware.

In ARM C and C++, avol ati | e qualified object is accessed if any word or byte (or
halfword on ARM architecture that have halfword support) of the object is read or
written. For vol at i | e qualified objects, reads and writes occur as directly implied by
the source code, in the order implied by the source code. The effect of accessing a

vol atil e short isundefined for ARM architectures that do not have halfword
support.
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3.2

3.2.1

C and C++ implementation details

This section describes implementation details for the ARM compilers, including:

character sets and identifiers

sizes, ranges and implementation details for basic data types
implementation details for structured data types
implementation details for bitfields.

This section describes details for both C and C++ implementations. Where a feature
applies specifically to one language, it is noted in the text.

Character sets and identifiers

The following points apply to the character sets and identifiers expected by the
compilers:

An identifier can be of any length. The compiler truncates an identifier after 256
characters, all of which are significant.

Uppercase and lowercase characters are distinct in all internal and external
identifiers. An identifier may also contain a dol{&) character unless the
- f ussy compiler option is specified.

Callingset | ocal e(LC_CTYPE, "IS08859-1") makes thé supper () and
i sl ower () functions behave as expected over the full 8-bit Latin-1 alphabet,
rather than over the 7-bit ASCII subset.

The characters in the source character set are assumed to be 1ISO 8859-1 (Latin-1
Alphabet), a superset of the ASCII character set. The printable characters are
those in the range 32 to 126 and 160 to 255. Any printable character may appear
in a string or character constant, and in a comment.

The ARM compilers do not support multibyte character sets.

Other properties of the source character set are host specific.

The properties of the execution character set are target-specific. The ARM C and C++
libraries support the ISO 8859-1 (Latin-1 Alphabet) character set, so the following
points are valid:

The execution character set is identical to the source character set.

There are eight bits in a character in the execution character set.
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. There are four chars/bytes iniam . If the memory system is:

little-endian the bytes are ordered from least significant at the lowest
address to most significant at the highest address.

big-endian the bytes are ordered from least significant at the highest
address to most significant at the lowest address.

. A character constant containing more than one character has thetypép to
four characters of the constant are represented in the integer value. The first
character in the constant occupies the lowest-addressed byte of the integer valu
Up to three following characters are placed at ascending addresses. Unused byt¢
are filled with the NULL Y 0) character.

. All integer character constants that contain a single character, or character escar
sequence, are represented in both the source and execution character sets (by
assumption that may be false in any given retargeting of the generic ARM C
library).

. Characters of the source character set in string literals and character constants
map identically into the execution character set (by an assumption that may be
false in any given retargeting of the generic ARM C library).

. No locale is used to convert multibyte characters into the corresponding wide
characters (codes) for a wide character constant. This is not relevant to the generi
implementation.

The character escape codes are shown in Table 3-2.

Table 3-2 Escape codes

Escape sequence Char value Description

\a 7 Attention (bell)
\b 8 Backspace

\ f 9 Form feed

\'n 10 New line

\r 11 Carriage return
\'t 12 Tab
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Table 3-2 Escape codes (Continued)

Escape sequence Char value Description

\v 13 Vertical tab
\ xnn 0oxnn ASCII code in hexadecimal
\ nnn onnn ASCII codein octal

3.2.2 Basic data types

This section provides information about how the basic data types are implemented in

ARM C and C++.

Size and alignment of basic data types

Table 3-3 gives the size and natural alignment of the basic data types. Note that type

alignment varies, depending on the context in which the type is used:

. The alignment of top level static objects such as global variables is the maximum
of the natural alignment for the type and the value set byzhe compiler
option. For example, Kzat 2 is specified, a globalhar variable has an
alignment of 2. This option is describedSgtting alignment options on page
2-28.

. Local variables are always word aligned. For example, a ¢beal variable has
an alignment of 4.

. The natural alignment of a packed type is 1.

Table 3-3 Size and alignment of data types
Type Size in bits Natural alignment
char 8 1 (byte aligned)
short 16 2 (halfword aligned)
i nt 32 4 (word aigned)
| ong 32 4 (word aigned)
| ong | ong 64 4 (word aigned)
fl oat 32 4 (word aigned)
doubl e 64 4 (word aigned)
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Table 3-3 Size and alignment of data types (Continued)

Type Size in bits Natural alignment
| ong doubl e 64 4 (word aligned)
al pointers 32 4 (word aligned)
bool 2 32 4 (word aigned)

a. Applies to C++ only.

Char
The following points apply to thechar datatype:

. Data items of typehar are unsigned by default. In C++ mode and ANSI C mode
they may be explicitly declared asgned char orunsi gned char.

. In PCC mode there is b gned keyword. Therefore ahar is signed by default
and may be declared unsigned if required.

Integer

Integers are represented in two's complement form. The high wbrshgfl ong
integers is always at the highest address. Refepéoations on integral types on page
3-18 for more information.

Float

Floating-point quantities are stored in IEEE fornidbat values are represented by
IEEE single precision valuedoubl e andl ong doubl e values are represented by

IEEE double precision values. #loubl e andl ong doubl e quantities, the word
containing the sign, the exponent, and the most significant part of the mantissa is store
at the lower machine address. Refe@perations on floating-point types on page 3-19

for more information.

Pointers

The following remarks apply to all pointer types in C, and to all pointer types except
pointers to members in C++:

. Adjacent bytes have addresses that differ by one.
. The macrdNULL expands to the value 0.
. Casting between integers and pointers results in no change of representation.
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. The compiler warns of casts between pointers to functions and pointers to data,
except when PCC mode is specified.

. The typesi ze_t is defined asnsi gned i nt, except in PCC mode where it is
signed.

. The typeptrdi ff _t is defined asi gned int.

Refer toPointer subtraction on page 3-19 for more information.

3.2.3 Operations on basic data types

The ARM compilers perform the usual arithmetic conversions set out in relevant
sections of the C and C++ standards. The following sections document additional points
that should be noted with respect to arithmetic operations.

Operations on integral types

The following points apply to operations on the integral types:

. All signed integer arithmetic uses a two's complement representation.

. Bitwise operations on signed integral types follow the rules that arise naturally
from two's complement representation. No sign extension takes place.

. Right shifts on signed quantities are arithmetic.

. Any quantity that specifies the amount of a shift is treated as an unsigned 8-bit
value.

. Any value to be shifted is treated as a 32-bit value.
. Left shifts of more than 31 give a result of zero.

. Right shifts of more than 31 give a result of zero from a shift of an unsigned or
positive signed value. They yield —1 from a shift of a negative signed value.

. The remainder on integer division has the same sign as the divisor.

. If a value of integral type is truncated to a shorter signed integral type, the result
is obtained by discarding an appropriate number of most significant bits. If the
original number was too large, positive or negative, for the new type, there is no
guarantee that the sign of the result will be the same as the original.

. A conversion between integral types does not raise a processor exception.
. Integer overflow does not raise a processor exception.

. Integer division by zero raises a SIGFPE exception.
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Operations on floating-point types

The following points apply to operations on floating-point types:

Normal IEEE 754 rules apply.
Rounding is to the nearest representable value by default.

Conversion from a floating-point type to an integral type causes a floating-point
exception to be raised only if the value cannot be represented in the destination
type ( nt orl ong | ong).

Floating-point underflow is disabled by default.
Floating-point overflow raises a SIGFPE exception by default.

Floating-point divide by zero raises a SIGFPE exception by default.

Pointer subtraction

The following remarks apply to all pointers in C, and to pointers other than pointers to
members in C++:

When two pointers are subtracted, the difference is obtained as if by the
expression:

((int)a - (int)b) / (int)sizeof(type pointed to)

If the pointers point to objects whose size is one, two, or four bytes, the natural
alignment of the object ensures that the division will be exact, provided the
objects are not packed.

For longer types, such dsubl e andst r uct , the division may not be exact
unless both pointers are to elements of the same array. Also, the quotient may b
rounded up or down at different times. This can lead to inconsistencies.

Expression evaluation

The compiler performs the usual arithmetic conversions (promotions) set out in the
appropriate C or C++ standard before evaluating an expression. The following should
be noted:

The compiler may re-order expressions involving only associative and
commutative operators of equal precedence, even in the presence of parenthese
For example, a + (b — ¢) may be evaluated as (a + b) — c if a, b, and c are intege
expressions.

ARM DUI 0041C
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. Between sequence points, the compiler may evaluate expressions in any order,
regardless of parentheses. Thus the side effects of expressions between sequence
points may occur in any order.

. The compiler may evaluate function arguments in any order.
Any detail of order of evaluation not prescribed by the relevant standard may vary

between releases of the ARM compilers.
3.24 Structured data types
This section describes the implementation of the structured datautyipss enum
andst r uct . It also discusses structure padding and bitfield implementation.
Unions
When a member ofuni on is accessed using a member of a different type, the resulting
value can be predicted from the representation of the original type. No error is given.
Enumerations

An object of typeenumis implemented in the smallest integral type that contains the
range of thenum The type of arnumwill be one of the following, according to the
range of thenum

. unsi gned char
. signed char

. unsi gned short
. signed short

. signed int.

Implementingenumin this way can reduce the size of data. The command-line option
-fy sets the underlying type ehumtosi gned i nt. Refer to Chapter Zhe ARM
Compilers for more information on thef y option.

Structures

The following points apply to:
. all C structures
. all C++ structures and classes that do not have virtual functions or base classes.
Structure Alignment
The alignment of a non-packed structure is the larger of:
. The maximum alignment required by any of its fields.
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. The minimum alignment for all structures, as set by thees
compiler option. If the natural alignment of a structure is smaller
than this, padding is added to the end of the structure. This option
is described irsetting alignment options on page 2-28.

Field alignment

Structures are arranged with the first-named component at the lowest

address. Fields are aligned as follows:

. A field with achar type is aligned to the next available byte.

. A field with ashort type is aligned to the next even-addressed
byte.

. Bitfield alignment depends on how the bitfield is declared. Refer to
Bitfields in packed structures on page 3-24 for more information.

. All other types are aligned on word boundaries.

Structures may contain padding to ensure that fields are correctly aligned, and that th
structure itself is correctly aligned. For example, Figure 3-1 shows an example of a
conventional, non-packed structure. In the example, bytes 1, 2, and 3 are padded to
ensure correct field alignment. Bytes 10 and 11 are padded to ensure correct structur
alignment.

The compiler pads structures in two ways, depending on how the structure is defined:
. Structures that are definedstsat i c orext er n are padded with zeroes.

. Structures on the stack or heap, such as those definedaitbc() oraut o,
are padded with garbage. That is, pad bits will contain whatever was previously
stored in memory. You cannot usencnp() to compare padded structures
defined in this way.

struct {char c; int x; short s;} example;

< example -

<%

byte o 1] 2] 8] 4] 5] 6] 7] 8] o[ 20l m
X

J— S JR—
L 1 L
T padding for padding
field alignment for structure
word alignment

boundary

sizeof(example) == 12 (3 words)

Figure 3-1 Conventional structure example
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Bitfields
The ARM compilers handle bitfields in non-packed structures in the following way.

Bitfields are alocated in containers. A container is a correctly aligned object of a
declared type. Bitfields are alocated so that the first field specified occupies the
lowest-addressed bits of the word, depending on configuration:

little-endian lowest addressed means least significant.
big-endian lowest addressed means most significant.

A bitfield container may be any of the integral types, except that | ong | ong hitfields
are not supported.

Note

The compiler warnsabout noni nt bitfields. You can disable this warning with the - W
compiler option.

A plain bitfield, declared without either si gned or unsi gned qualifiers, istreated as
unsi gned, except in PCC modewhereitissi gned. For example,i nt x: 10 allocates
an unsigned integer of 10 hits.

A bitfield is allocated to the first container of the correct type that has a sufficient
number of unallocated bits. For example:

struct X {
int x:10;
int y:20;
b

Thefirst declaration alocates an integer container in which 10 bitsare allocated. At the
second declaration, the compiler finds the existing integer container, checks that the
number of unallocated bits are sufficient, and allocates y in the same container as x.

A bitfield iswholly contained within its container. A bitfield that does not fitin a
container is placed in the next container of the same type. For example, if an additional
bitfield is declared for the structure above;

struct X {
int x:10;
int y:20;
int z:5;
H

the declaration of z overflows the container. The compiler pads the remaining two bits
for the first container and assigns a new integer container for z.

3-22
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Bitfield containers may overlap each other. For example:

struct X{
int x:10;
char y:2;

H

Thefirst declaration allocates an integer container in which 10 bits are allocated. These
10 bits occupy thefirst byte, and two bits of the second byte of the integer container. At
the second declaration, the compiler checks for a container of type char . Thereisno
suitable container, so the compiler allocates a new correctly alignedchar container.

Because the natural alignment of char is1, the compiler searchesfor thefirst byte that
contai nsasufficient number of unallocated bitsto completely contain thebitfield. Inthe
above example, the second byte of thei nt container hastwo bitsallocated to x, and six
bits unallocated. The compiler allocatesachar container starting at the second byte of
the previousi nt container, skipsthe first two bitsthat are allocated to x, and all ocates
two bitstoy.

If y isdeclaredchar y: 8

struct X{
int x:10;
char y:8;

}

the compiler pads the second byte and allocates anew char container to the third byte,
because the bitfield cannot overflow its container.

Note that the same basic rules apply to bitfield declarations with different container
types. For example, adding ani nt bitfield to the example above:

struct X{
int x:10;
char y:8;
int z:5;
}

ARM DUI 0041C
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The compiler allocatesani nt container starting at the same location asthei nt x: 10
container, and allocates a 5-bit bitfield. The structure as awhole looks like this:

X a 10-hit hitfield
paddi ng 6 hits

y an 8-hit hitfield

z a 5-hit bitfield
unal | ocat ed 3 unallocated bits.

You can explicitly pad abitfield container by declaring abitfield of size zero. A bitfield
of zero sizefillsthe container up to the end if the container is non-empty. A subsequent
bitfield declaration will start a new container.

Bitfields in packed structures

Bitfield containersin packed structures have an alignment of 1. Therefore, the
maximum bit padding for a bitfield in a packed structureis 7 bits. For an unpacked
structure, the maximum padding is 8*sizeof(container-type)-1 bits

Packed structures

A packed structure is one in which the alignment of the structure, and of the fields
within it, is always 1, independent of the alignment specified by the -zas compiler
option. Floating-point types cannot be fields of packed structures.

Packed structures are defined with the __packed qualifier. Thereis no command-line
option to change the default packing of structures. Refer to Type qualifiers on page 3-11
for more information.

3-24
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3.3 Standard C implementation definition

3.3.1 Translation

Appendix G of the ISO C standard (IS/IEC 9899:1990 (E)) collects together
information about portability issues. Subclause G3 lists the behavior that each
implementation must document.

The following subsections correspond to the relevant sections of subclause G3. It
describes aspects of the ARM C compiler and ANSI C library that are not defined by
the ISO C standard, and that are implementati on-defined.

— Note

This section does not duplicate information that is applicable to both C and C++
implementations. Thisis provided in C and C++ implementation details on page 3-14.
This section provides references where applicable.

Diagnostic messages produced by the compiler are of the form:
source-file, line-nunber: severity: explanation
where severity isoneof:

V\ar ni ng A helpful message from the compiler.

Error A violation of the ANSI specification from which the compiler is
ableto recover by guessing the intention.

Serious error A violation of the ANSI specification from which no recovery is
possible because the intention is not clear.

Fat al Anindication that the compiler limits have been exceeded, or that
the compiler hasdetected afault initself (for example, not enough
memory).

3.3.2 Environment

The mapping of acommand line from the ARM-based environment into arguments to
mai n() isimplementation-specific. The generic ARM Clibrary supportsthefollowing:

. main
. interactive device
. standard input, output, and error streams.

ARM DUI 0041C
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main()

The arguments given to mai n() are the words of the command line (not including I/0
redirections), delimited by white space, except where the white space is contained in
double quotes.

Note that:
. a whitespace character is any character of wihéapace() is true

. a double quote or backslash character (\) inside double quotes must be preceded
by a backslash character

. an /O redirection will not be recognized inside double quotes.

Interactive device

In an unhosted implementation of the ARM C library, the tieeractive device may
be meaningless. The generic ARM C library supports a pair of devices, both called
intended to handle a keyboard and a VDU screen. In the generic implementation:

. no buffering is done on any stream connected tounless 1/O redirection has
taken place

. if 1/O redirection other than tot t has taken place, full file buffering is used
(except where botht dout andst derr have been redirected to the same file,
where line buffering is used).

Standard input, output and error streams

Using the generic ARM C library, the standard input, output and error steeains,

st dout , andst der r can be redirected at runtime. For exampley fopy is a program
which simply copies the standard input to the standard output, the following line runs
the program:

mycopy < infile > outfile 2> errfile

and redirects the files as follows:

stdin is redirected tonfil e
st dout is redirected toutfil e
stderr is redirected terrfil e
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The following shows the permitted redirections:

0< filenane readsst di n from fi/l enanme

< filenane readsst di n from fi | enane

1> filenane writes st dout to filenane

> fil enane writes st dout to filenane

2> fil enane writesst derr to fil enane

2>8&1 writes st der r to the same place as st dout

>& filenane writes both st dout and st derr to filenane
>> fjlenane appendsst dout to filenane

>>& filenane appends both st dout and st derr to fil enane

Identifiers
Refer to Character sets and identifiers on page 3-14 for details.

Characters
Refer to Character sets and identifiers on page 3-14 for a description of the characters
in the source character set.

Integers

Refer to Integer on page 3-17 for details.

Floating-point
Refer to Float on page 3-17 for details. In addition, floating-point support is
documented in Chapter 11 Floating-point Support.

Arrays and pointers

Refer to Pointers on page 3-17 for details.
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3.3.8 Registers

Using the ARM C compiler, you can declare any number of objects to have the storage
classregi ster.

Refer to Variable declaration keywords on page 3-9 for a description of how ARM
implement ther egi st er storage class.
3.3.9 Structures, unions, enumerations, and bitfields

The ISO/IEC C standard requires that the following implementation details are
documented for structured data types:

. The outcome when a member of a union is accessed using a member of different
type.
. The padding and alignment of members of structures.

. Whether a plaimnt bitfield is treated as si gned i nt bitfield or as an
unsi gned i nt bitfield.

. The order of allocation of bitfields within a unit.
. Whether a bitfield can straddle a storage-unit boundary.
. The integer type chosen to represent the values of an enumeration type.

These implementation details are documented in the relevant sectibredC++
implementation details.

Unions

Refer toUnions on page 3-20 for details.

Padding and alignment of structure members

Refer toSructures on page 3-20 for details.

Enumerations

Refer toEnumerations on page 3-20 for details.

Bitfields

Refer toBitfields on page 3-22 for details.
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3.3.10 Qualifiers

An object that has volatile-qualified type is accessed if any word or byte (or halfword
on ARM architectures that have halfword support) of it is read or written. For
volatile-qualified objects, reads and writes occur asdirectly implied by the source code,
in the order implied by the source code.

The effect of accessing avolatile-qualified short isundefined on ARM architectures
that do not have halfword support.

3.3.11 Declarators
The number of declarators that may modify an arithmetic, structure or union typeis
limited only by available memory.

3.3.12 Statements

The number of case valuesin aswi t ch statement is limited only by memory.

3.3.13 Preprocessing directives
A single-character constant in a preprocessor directive cannot have a negative value.

The ANSI standard header files are contained within the compiler itself and may be
referred to in the way described in the standard (using, for example, #i ncl ude
<st di 0. h>, etc.).

Quoted names for includabl e source files are supported. The compiler will accept host
filenames or UNIX filenames. In the latter case, on non-UNIX hosts, the compiler tries
to tranglate the filename to alocal equivalent.

The recognized #pr agnma directives are shown in Pragmas on page 3-2.
The date and time of trandlation are always available, so_ DATE__and __TIME__
always give the date and time respectively.

3.3.14 Library functions

Thepreciseattributes of aC library are specific to aparticular implementation of it. The
generic ARM C library has or supports the following features:

. The macrdNULL expands to the integer constant 0.

. If a program redefines a reserved external identifier, an error may occur when the
program is linked with the standard libraries. If it is not linked with standard
libraries, no error will be detected.
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. Theassert () function prints the following message and then callabet ()
function:

*** assertion failed: expression, file filenanme, line
I'i nenunber

The following functions usually test only for characters whose values are in the range 0
to 127 (inclusive):

. i sal num()
. i sal pha()
. iscntrl ()
. i sl owner ()
. isprint()
. i supper ()
. i spunct ()

Characters with values greater than 127 return a result of O for all these functions except
i scntrl () which returns non-zero for 0 to 31, and 128 to 255.
Setlocale call

After the callset | ocal e(LC CTYPE, "|SC8859-1"), the statements in Table 3-4
apply to character codes and affect the results returned byythe() functions:

Table 3-4 Character codes

Code Description
128 to 159 control characters
160to 191 punctuation
192to 214 uppercase

215 punctuation
21610 223 uppercase

22410 246 lowercase

247 punctuation

248 to 255 lowercase

3-30
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Mathematical functions

The mathematical functions return the valuesin Table 3-5.

Table 3-5 Mathematical functions

Function Condition  Returned value
log(x) x<=0 —-HUGE_VAL
log10(x) X <=0 —HUGE_VAL
sqrt(x) x<0 —HUGE_VAL
atan2(x,y) x=y=0 —HUGE_VAL
asin(x) abs(x) > 1 —HUGE_VAL
acos(x) abs(x) > 1 —HUGE_VAL
pow(x.y) x=y=0 —HUGE_VAL

Where -HUGE_VAL is returned, a number is returned which is defined in the header
math.h . Consult the errno  variable for the error number.

The mathematical functions set errno  to ERANGEdN underflow range errors.

A domain error occurs if the second argument of fmod() is zero, and -HUGE_VALis
returned.

Signal function

The set of signals for the generic signal()  function shown in Table 3-6.

Table 3-6 Signal function signals

Signal Description

SIGABRT  abort

SIGFPE arithmetic exception

SIGILL illegal instruction

SIGINT attention request from user
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Table 3-6 Signal function signals (Continued)

Signal Description

SIGSEGV  bad memory access

SIGTERM  termination request

SIGSTAK stack overflow

The default handling of all recognized signalsisto print a diagnostic message and call
exi t (). Thisdefault behavior applies at program startup.

When asignal occurs, if f unc pointsto afunction, the equivalent of si gnal (si g,
SI G_DFL) isfirst executed. If the SIGILL signal isreceived by a handler specified to
the si gnal () function, the default handling is reset.

Generic ARM C library

The generic ARM C library also has the following characteristics relating to 1/0. Note
that a given targeting of the ARM C library may not have the same characteristics:

. The last line of a text stream does not require a terminating newline character.

. Space characters written out to a text stream immediately before a newline
character do appear when read back in.

. No null characters are appended to a binary output stream.

. The file position indicator of an append mode stream is initially placed at the end
of the file.

. A write to a text stream does not cause the associated file to be truncated beyond
that point (device dependent).

. The characteristics of file buffering are as intended by section 4.9.3 of the ANSI
C standard. The maximum number of open files is setdo. h as:
#define _SYS OPEN 16
if Angel is in use.

. A zero-length file (in which no characters have been written by an output stream)
does exist.

. The same file can be opened many times for reading, but only once for writing or
updating. A file cannot be open simultaneously for reading on one stream and for
writing or updating on another.
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. Local time zones and Daylight Saving Time are not implemented. The values
returned will always indicate that the information is not available.

. The status returned lai t () is the same value that was passed to it. For
definitions of EXI T_SUCCESS andEXI T_FAI LURE, refer to the header file
stdlib. h.

. The error messages returned bygheer r or () function are identical to those
given by theperror () function.

. If the size of area requested is zeral, | oc(), mal | oc() andreal | oc()
returnNULL.

. abort () closes all open files, and deletes all temporary files.

. fprintf() prints¥% arguments in hexadecimal format (lowercase) as if a
precision of 8 had been specified. If the variant fo¥etp] is used, the number is
preceded by the charact@r

. fscanf () treats¥%p arguments identically t&x arguments.

. f scanf () always treats the character "-" i%a . [...] argument as a literal
character.

. ftell () andf get pos() seterrno to the value of EDOM on failure.

. perror () generates the messages in Table 3-7.

Table 3-7 perror() messages

Error

Message

0

No error (errno = 0)

EDOM

EDOM - function argunent

out of range

ERANGE

ERANGE - function result

not representabl e

ESI GNUM

ESIGNUM - illegal signal

nunber to signal () or raise()

others

Error code nunber has no

associ ated nessage
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The following characteristics, required to be specified in an ANSI-compliant
implementation, are unspecified in the generic ARM C library:

. the validity of a filename

. whetherr enove() can remove an open file

. the effect of calling theenane() function when the new name already exists
. the effect of callingiet env() (the default is to returRULL, no value available)
. the effect of callingyst em()

. the value returned byt ock() .
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3.4 Standard C++ implementation definition

This section gives details of those aspects of the ARM C++ implementation that the
Draft Standard identifies as implementation defined.

When used in ANSI C mode, the ARM C++ compilers areidentical to the ARM C
compiler. Refer to Sandard C implementation definition on page 3-25 for details.

34.1 Integral conversion (section 4.7 of the Draft Standard)

During integral conversion, if the destination typeissigned, thevalueisunchanged if it
can be represented in the destination type (and bitfield width). Otherwise, the value is
truncated to fit the size of the destination type and awarning is given.

3.4.2 Standard C++ library implementation definition

This section describes the Rogue Wave Standard C++ library that issupplied with ARM
C++. For information on implementation-defined behavior that is defined in the
Standard C++ library, refer to the Rogue Wave HTML documentation that is included
with this release of ARM C++. By default, thisisinstalled in the/ HTM. directory of
your SDT installation directory.

Version 1.2.1 of the Rogue Wave library provides a subset of the library defined in the
January 1996 Draft Standard. There are slight differences from the December 1996
version of the Draft Standard.

The Standard C++ library isdistributed in binary form only. Itisbuilt into thearmcpplib
library, together with additional library functions described in Library support on page
2-5.

Thelibrary is also supplied as pre-built object files to enable you to rebuild armcpplib
if required. Refer to Chapter 4 The C and C++ Libraries for more information on
rebuilding armcpplib.

Table 3-8 on page 3-36 lists the library features that are supported in version 1.2.1 of
the library. The most significant features missing from this release are:

o i ostream
J | ocal e
. val array

. t ypei nf o. Note that ost r eamandt ypei nf o are supported in a basic way by
the ARM C++ library additions. Refer tabrary support on page 2-5 for more
information.
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For detailed information on the Rogue Wave Standard C++ library, refer to the Rogue
Wave HTML documentation that is included with this release of ARM C++.

Table 3-8 Standard C++ library support

Draft

Standard Library Feature

Section

18.2.1 Numeric limits

19.1 Exception classes

20.3 Function objects

20.4.2 Raw storage iterator

204.3 Memory handling primitives

204.4 Specialized agorithms for raw
storage

20.4.5 Templateclassaut o_ptr

21 Strings library

23 Containers library

24 Iterators library (except sections
24.5.3 and 24.5.4)

25 Algorithms library

26.2 Complex number

26.4 Generalized numeric operations

3-36 Copyright © 1997 and 1998 ARM Limited. All rights reserved. ARM DUI 0041C



ARM Compiler Reference

3.5 C and C++ language extensions
This section describes the language extensions supported by the ARM C and C++
compilers.

351 C Language Extensions

The compilers support the following extensionsto the ANSI C language. None of these
extensionsis availableif the compiler isrestricted to compiling strict ANSI C, for
example, by specifying the - f ussy compiler option.

/l comments

The character sequence/ / startsacomment. Asin C++, the comment isterminated by
the next newline character. Note that comment removal takes place after line
continuation has been performed, so:

/[l thisis a- \
si ngl e conmment

The characters of acomment are examined only to find the comment terminator,
therefore:

. /1 has no special significance inside a comment introduceéd by

. / * has no special significance inside a comment introduced by

3.5.2 C and C++ language extensions

The compilers support the following extensions to both the ANSI C language, and the
Draft ISO/IEC C++ language. Refer@l_anguage Extensions for language extensions

that apply only to C. None of these extensions is available if the compiler is restricted
to compiling strict ANSI C or strict draft C++, for example by specifying thessy
compiler option.

Identifiers

The $ character is a legal character in identifiers.
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Void returns and arguments

Any voi d typeis permitted as the return typein afunction declaration, or theindicator
that a function takes no argument. For example, the following is permitted:

typedef void VA D

int fn(VOD); /1 Error in -fussy C and C++
VO D fn(int x); /1 Error in -fussy C
Long long

ARM C and C++ support 64-bit integer types through the type specifier | ong | ong.
long long int andunsi gned |ong | ong int areintegral types. They behave
analogoudly to | ong and unsi gned | ong i nt with respect to the usual arithmetic
conversions.

Integer constants may have:

. anLL suffix to force the type of the constant tang | ong, if it will fit, or to
unsi gned | ong | ong if it will not

. anLLU (oruLL) suffix to force to the constant tmsi gned | ong | ong.

Format specifiers fopri nt f () andscanf () may includd | to specify that the
following conversion applies to an (unsignédpg | ong argument, as ié | d.

In addition, a plain integer constant is of typedi gned) | ong | ong if its value is

large enough. This is a quiet change. For example in strict ANSI C, 2147483648 has
typeunsi gned | ong. In ARM C++ it has the typeong | ong. This means that the
value of the expressidti47483648 > -1 isOinstrict Cand C++,and 1in ARM C

and C++.

The following restrictions apply to | ong | ong:
. I ong | ong bitfields are not supported.
. I ong | ong enumerators are not available.

. The controlling expression ofsai t ch statement may not havensi gned)
I ong | ong type. Consequently case labels must also have values that can be
contained in a variable of typmsi gned | ong.

Inline Assembler

The ARM C compilers support inline assembly language with the mspecifier.

The ARM C++ compilers support the syntax proposed in the Draft C++ Standard, with
the restriction that the string-literal must be a single string. For example:

3-38
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asm("instruction[;instruction]");

The asmdeclaration must beinsidea C or C++ function. You cannot include comments
in the string literal.

In addition to the syntax proposed in the Draft Standard, ARM C++ supportsthe C
compiler __asmsyntax when used with both asmand __asm

The ARM inline assembler implementsthe full ARM instruction set, including generic
coprocessors, halfword instructions and long multiply.

The Thumb inline assembler implements the full Thumb instruction set.

Syntax

Theinline assembler isinvoked with the assembler specifier, and is followed by alist
of assembler instructions inside braces. For example:

asm

{

instruction [; instruction]

[instruction]

}

If two instructions are on the same line, you must separate them with a semicolon. If an
instruction is on multiple lines, line continuation must be specified with the backslash
character (\ ). C or C++ comments may be used anywhere within an inline assembly
language block.

An asmstatement may be used anywhere a C++ statement is expected. The__asm
keyword is a synonym supported for compatibility with C.

Refer to Chapter 8 Mixed Language Programming in the ARM Software Devel opment
Toolkit User Guidefor detailed information on using theinline assemblersfrom both C
and C++.

ARM DUI 0041C

Copyright © 1997 and 1998 ARM Limited. All rights reserved. 3-39



ARM Compiler Reference

3.6 Predefined macros

Table 3-9 lists the macro names predefined by the ARM C and C++ compilers. Where
the value field is empty, the symbol concerned is merely defined, as though by (for
example) - D__ar mon the command line.

Table 3-9 Predefined macros

Name Value Notes

__STDC__ 1 defined in al compiler modes except PCC mode

__cplusplus 1 defined in C++ compiler mode

__ CFRONT_LI KE 1 defined in - cf r ont compiler mode

_arm defined if using armcc, tcc, armepp , or tcpp

__thunmb defined if using tcc or tcpp

__SOFTFP__ defined if compiling to use the software
floating-point library (- apcs / softfp)

__APCS_NOSWST defined if - apcs / noswst inuse

__APCS_REENT defined if - apcs / reent inuse

__APCS_| NTERWORK

defined if - apcs /i nt erwork inuse

__APCS_32

defined unless- apcs /26bit isinuse

__APCS_NOFP

defined if - apcs / nof p inuse (no frame
pointer)

__APCS_FPREGARGS

defined if - apcs /fpregargs isinuse

__BI G_ENDI AN

defined if compiling for a big-endian target

DI ALECT_FUSSY

defined if - f ussy is specified.

DI ALECT_PCC

defined if - pcc is specified.

__ TARGET_ARCH xx

XX represents the target architecture. The value of
xx depends on the target architecture. For example,
if the compiler options- arch 4T or - cpu
ARM/TDM are specified then
__TARGET_ARCH_A4T isdefined, and no other
symbol starting with _ TARGET_ARCH_ isdefined.
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Table 3-9 Predefined macros (Continued)

Name Value

Notes

___TARGET_CPU_xx

XX represents the target cpu. The value of xxis
derived from the - pr ocessor compiler option,
or the default if noneis specified. For example, if
the compiler option - pr ocessor ARM/ TMis
specified then _TARGET_CPU_ARM/ TMis
defined and no other symbol starting with
_TARGET_CPU_ isdefined.

If the target architecture only is specified, without a
target CPU then _ TARGET_CPU_generi c is
defined.

If the processor name contains hyphen (-)
characters, these are mapped to an underscore ().
For example, - pr ocessor SA- 110 is mapped
to__ TARCGET_CPU_SA 110.

__TARGET_FEATURE_HAL FWORD

defined if the target architecture supports halfword
and signed byte access instructions.

__ TARGET_FEATURE_MJULTI PLY

defined if the target architecture supports the long
multiply instructions MULL and MULAL.

__TARGET_FEATURE_THUMB

defined if the target architecture is Thumb-aware.

__ARMCC_VERSI ON

Gives the version number of the compiler. The
valueisthe same for armcc and tcc; it is adecimal
number, whose value can be relied on to increase
monotonically between rel eases.

__CLK_TCK 100 centisecond clock definition

__sizeof _int 4 si zeof (i nt), but availablein preprocessor
expressions

__sizeof _l ong 4 si zeof (1 ong) , but available in preprocessor
expressions

__sizeof _ptr 4 si zeof (voi d *), but availablein preprocessor
expressions

__FILE__ the presumed full pathname of the current source
file

__ MODULE__ contains the filename part of the value of

__FILE__
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Table 3-9 Predefined macros (Continued)

Name Value Notes

__LINE__ the line number of the current source file
__DATE__ the date of trandation of the source file
_TIME__ the time of translation of the sourcefile
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3.7 Implementation limits

This section lists implementation limits for the ARM C and C++ compilers.

3.7.1 Draft Standard Limits

The Draft C++ Standard standard recommends certain minimum limits that a
conforming compiler should accept. You should be aware of these when porting
applications between compilers. A summary isgiven in Table 3-10. A limit of mem
indicatesthat no limit isimposed by the ARM compilers, other than that imposed by the
availability of memory.

Table 3-10 Implementation limits

Description Recommended ARM

Nesting levels of compound statements, iteration control structures, and 256 mem
selection control structures.

Nesting levels of conditional inclusion. 256 mem

Pointer, array, and function declarators (in any combination) modifying an 256 mem
arithmetic, structure, union, or incomplete type in a declaration.

Nesting levels of parenthesized expressions within afull expression. 256 mem
Number of initial charactersin an internal identifier or macro name. 1024 mem
Number of initial charactersin an external identifier. 1024 mem
External identifiersin one trandlation unit. 65536 mem
Identifiers with block scope declared in one block. 1024 mem
Macro identifiers simultaneously defined in one translation unit. 65536 mem
Parameters in one function declaration. Note that overload resolution is 256 mem

sensitive to the first 32 arguments only.

Argumentsin one function call. Note that overload resolution is sensitive to 256 mem
the first 32 arguments only.

Parameters in one macro definition. 256 mem
Arguments in one macro invocation. 256 mem
Charactersin one logical sourceline. 65536 mem
Charactersin a character string literal or wide string literal after 65536 mem
concatenation.
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Table 3-10 Implementation limits (Continued)

Description Recommended ARM
Size of a C++ object. 262144 8388607
Nesting levels of #includefile. 256 mem
Case labels for aswitch statement, excluding those for any nested switch 16384 mem
statements.

Data membersin asingle class, structure, or union. 16384 mem
Enumeration constants in a single enumeration. 4096 mem
Levels of nested class, structure, or union definitionsin asingle 256 mem

struct-declaration-list.

Functionsregistered by at exi t () . 32 33
Direct and indirect base classes 16384 mem
Direct base classes for asingle class 1024 mem
Members declared in asingle class 4096 mem
Final overriding virtual functionsin a class, accessible or not 16384 mem
Direct and indirect virtual bases of aclass 1024 mem
Static members of aclass 1024 mem
Friend declarationsin a class 4096 mem
Access control declarationsin aclass 4096 mem
Member initializersin a constructor definition 6144 mem
Scope qualifications of one identifier 256 mem
Nested external specifications 1024 mem
Template arguments in atemplate declaration 1024 mem
Recursively nested template instantiations 17 mem
Handlers per try block 256 mem
Throw specifications on asingle function declaration 256 mem
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3.7.2 Internal limits

In addition to the limits described in Table 3-10 on page 3-43, the compiler hasinternal
limits listed in Table 3-11.

Table 3-11 Internal limits

Description ARM
Maximum number of relocatable referencesin a single trandation unit. 65536
Maximum number of virtual registers. 65536
Maximum number of overload arguments. 32
Number of charactersin amangled name before it may be truncated. 128
Number of bitsin the smallest object that is not a bit field (CHAR_BI T). 8
Maximum number of bytesin a multibyte character, for any supported locale 1
(MB_LEN_MAX).
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3.8 Limits for integral numbers
The following table gives the ranges for integral numbers asimplemented in ARM C
and C++. Thethird column of thetable givesthe numerical value of the range endpoint.
The right hand column gives the bit pattern (in hexadecimal) that would be interpreted
asthis value by the ARM compilers.
When entering constants, you must be careful about the size and sign of the quantity.
Constants are interpreted differently in decimal and hexadecimal/octal. See the
appropriate C or C++ standard, or any of the recommended textbooks on the C and C++
programming language for more details.
Table 3-12 Integer ranges
Constant Meaning End-point Hex Value
CHAR MAX Maximum value of char 255 Oxf f
CHAR M N Minimum value of char 0 0x00
SCHAR_MAX Maximum value of si gned char 127 ox7f
SCHAR_M N Minimum value of si gned char -128 0x80
UCHAR_MAX Maximum value of unsi gned char 255 Oxff
SHRT_MAX Maximum value of shor t 32767 Ox7fff
SHRT_MIN Minimum value of shor t -32768 0x8000
USHRT_MAX Maximum value of unsi gned 65535 Oxffff
short
INT_MAX Maximum value of i nt 2147483647 Ox7fffffff
INT_MIN Minimum value of i nt —2147483648 0x80000000
LONG_MAX Maximum value of | ong 2147483647 Ox7fffffff
LONG_MIN Minimum value of | ong —2147483648 0x80000000
ULONG_MAX Maximum value of unsi gned | ong 4294967295 OXxffffffff
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3.9 Limits for floating-point numbers

The following tables give the characteristics, ranges, and limits for floating-point
numbers as implemented in ARM C and C++. Note also:

. when a floating-point number is converted to a shorter floating-point number, it
is rounded to the nearest representable number

. the properties of floating-point arithmetic accord with IEEE 754.

Table 3-13 Floating-point limits

Constant Meaning Value
FLT_MAX Maximum value of f | oat 3.40282347e+38F
FLT_M N Minimum value of f | oat 1.17549435e—-38F
DBL_ MAX Maximum value ofloubl e 1.79769313486231571e+308
DBL_M N Minimum value ofdoubl e 2.22507385850720138e—-308
LDBL_MAX Maximum value of ong doubl e 1.79769313486231571e+308
LDBL_M N Minimum value ofl ong doubl e 2.22507385850720138e—-308
FLT_MAX_EXP Maximum value of base 2 exponent for type 128
f | oat
FLT_M N_EXP Minimum value of base 2 exponent for type -125
f | oat
DBL_MAX_EXP Maximum value of base 2 exponent for type 1024
doubl e
DBL_M N_EXP Minimum value of base 2 exponent for type -1021
doubl e
LDBL_MAX_EXP Maximum value of base 2 exponent for type 1024
| ong doubl e
LDBL_M N_EXP Minimum value of base 2 exponent for type -1021
| ong doubl e
FLT_MAX_10_EXP Maximum value of base 10 exponent for type 38
f | oat
FLT_M N_10_EXP Minimum value of base 10 exponent for type =37
f | oat
DBL_NMAX_10_EXP Maximum value of base 10 exponent for type 308
doubl e
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Table 3-13 Floating-point limits (Continued)

Constant Meaning Value

DBL_M N_10_EXP Minimum value of base 10 exponent for type -307
doubl e

LDBL_MAX_10_EXP  Maximum value of base 10 exponent for type 308

| ong doubl e

LDBL_M N_10_EXP  Minimum value of base 10 exponent for type -307
| ong doubl e

Table 3-14 Other floating-point characteristics

Constant Meaning Value
FLT_RADI X Base (radix) of the ARM floating-point number 2
representation

FLT_ROUNDS Rounding mode for floating-point numbers 1 (nearest)
FLT_DI G Decimal digits of precision fdrl oat 6
DBL_DI G Decimal digits of precision faloubl e 15
LDBL_DI G Decimal digits of precision fdrong doubl e 15
FLT_MANT_DI G Binary digits of precision for typEl oat 24
DBL_NMANT_DI G Binary digits of precision for typdoubl e 53
LDBL_MANT_DI G  Binary digits of precision for typeong doubl e 53
FLT_EPSI LON Smallest positive value of x such that 1.0 + x 1= 1.0 1.19209290e—-7F

for typef | oat

DBL_EPSI LON Smallest positive value of x such that 1.0 + x != 1.0 2.2204460492503131e-16
for typedoubl e

LDBL_EPSI LON Smallest positive value of x such that 1.0 + x != 1.2.2204460492503131e—-16L
for typel ong doubl e
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3.10 C++language feature support

The ARM C++ compilers support the majority of the language features described in the
| SO/IEC December 1996 Draft Standard for C++. This section lists the C++ language
features defined in the Draft Standard, and states whether or not that language feature
is supported by ARM C++,

3.10.1 Major language feature support
Table 3-15 shows the major language features supported by this release of ARM C++.

Table 3-15 Major language feature support

Major Language Draft Standard

Feature Section Supported

Core language 1t013 Yes

Templates 14 Partial. Templates are supported except for the export
feature.

Exceptions 15 None

Libraries 17t0 27 Partial. Refer to Sandard C++ library

implementation definition on page 3-35.

3.10.2 Minor language feature support

Table 3-16 shows the minor language features supported by thisrelease of ARM C++.

Table 3-16 Minor language feature support

Minor Language Feature Supported

Namespaces No

Runtime type identification (RTTI) Partial. Typei d issupported for static types and expressions with
non-polymorphic type. See a so the restrictions on new style casts.

New style casts Partial. ARM C++ supports the syntax of new style casts, but does
not enforce the restrictions. New style casts behave in the same
manner as old style casts.

Array new/delete Yes
Nothrow new No, but newdoesnot t hr ow.
bool type Yes
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Table 3-16 Minor language feature support (Continued)

Minor Language Feature Supported
wchar _t type No
explicit keyword No
Static member constants No

extern inline

Partial. Thisis supported except for functions that have stetic data.

Full linkage specification Yes
f or loop variable scope change Yes
Covariant return types No
Default template arguments Yes
Template instantiation directive Yes
Template specialization directive Yes
t ypenane keyword Yes
Member templates Yes
Partial specialization for class Yes
template

Partial ordering of function Yes
templates

Universal character names No
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Chapter 4
The C and C++ Libraries

This chapter describes how to rebuild the ARM C and C++ libraries. It also describes
how to retarget the standard C library to your own hardware and operating system
environment. It contains the following sections:

. About the runtime libraries on page 4-2

. The ANS C library on page 4-5

. The ARM C++ librarieson page 4-15

. The embedded C library on page 4-19

. Target-dependent ANS C library functions on page 4-27

. Target-dependent 1/0O support functions on page 4-30

. Target-dependent kernel functions on page 4-36

. Target-dependent operating system functions on page 4-41.
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4.1 About the runtime libraries

There are three runtime libraries provided to support compiled C and C++:
. the ANSI C library

. the C++ library

. the embedded C library.

Note

The C++ library is supplied with the ARM C++ compilers. The C++ compilers and C++
libraries are available separately. Contact your distributor, or ARM Limited if you want
to purchase ARM C++,

The embedded and ANSI C libraries are supplied in:
. source form, for retargeting to your ARM-based hardware

. binary form, targeted at the common environment supported by the ARMulator,
Angel, EmbeddedICE, and Multi-ICE, so that you can immediately run and
debug programs under the ARMulator, or on a development board.

The Rogue Wave parts of the C++ libraries are supplied in binary form only, both as
precompiled library variants and as sublibraries that allow you to rebuild the libraries.
The ARM part of the C++ library is supplied as both source and binary.

Retargeting the ANSI C library requires some knowledge of ARM assembly language,
and some understanding of the ARM processor and hardware being used. Refer to the
following documentation for more information:

. the datasheet for your processor

. the assembly language chapters ofARM Software Devel opment Toolkit User
Guide and theARM Software Development Tool kit Reference Guide.

. the ARM Architectural Reference Manual.

41.1 The ANSI C library

The ARM C library conforms to the ANSI C library specification. The library is

targeted at the common operating environment supported by ARM debugging software

and hardware. Angel semihosting SWIs are called for C library functions, such as

printf (), that require operating system support. This environment is supported by:

. the ARMulator, through its support for Angel SWis

. the ARM evaluation and development boards, because these are supplied with
Angel built into ROM

. EmbeddedICE and Multi-ICE.
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Refer to Chapter 13 Angel in the ARM Software Devel opment Toolkit User Guide for
more information on Angel C library support and the Angel semihosting SWis.

The ANSI C library contains:
. target-independent modules written in ANSI C, sucprasit f ()

. target-independent modules written in ARM assembly language, such as
di vi de() andrentpy()

. target-dependent modules written in ANSI C, such as default signal handlers like
thecl ock module

. target-dependent modules written in ARM assembly language.

You can build the target-independent portions of the library immediately. If you are
building a new APCS library variant you must modify the appropriate library makefile.
If you are retargeting the C library to your own operating environment, you must modify
the target-dependent portions of the library to implement them on your system.

Refer toThe ANS C library on page 4-5 for detailed information on the C library.

41.2 The C++ library

The ARM C++ library supports most of the standard library functions defined in the
January 1996 C++ Draft Standard. ARM C++ library support consists of:

The ANSI C library
The ARM C++ compilers use the same ANSI C library as the ARM C
compilers.

The ARM C++ library
This library consists of:

. The Rogue Wave Standard C++ library version 1.2.1.

. Helper functions for the C++ compiler, and a number of additional
C++ functions not supported by the Rogue Wave library.

By default the C++ libraries are installedcin\ ARMR50\ | i b. The accompanying
header files are installeddn\ ARM250\ i ncl ude. Refer toThe ARM C++ librarieson
page 4-15 for detailed information on C++ library support.
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4.1.3 The embedded C library

The embedded C library is a subset of the full ANSI C library that:

. does not use static data

. does not rely on underlying system functionality

. minimizes dependencies between functions within the library.

You can link the embedded C library with an application running from read-only
memory on a target board. RefefTtwe embedded C library on page 4-19 for more
information. Refer to Chapter Miting Code for ROM in theARM Software
Development Toolkit User Guide for an example of how to use the embedded C library.

41.4 Library naming conventions

The ANSI C and C++ libraries are supplied as 26 precompiled variants targeted at
Angel. The embedded C library is supplied as four precompiled variants. The library
filenames are postfixed with letters and digits that identify the variant.

Library names have the form:
i bname_<apcs_vari ant>. <bi t s><byt esex>
where:

apcs_vari ant identifies the APCS options with which the library was compiled.
Refer to Table 4-1 on page 4-5 and Table 4-2 on page 4-6 for a list
of precompiled C library variants supplied with this release. Refer
to Automatic inclusion of libraries on page 6-39 for a full
description of library naming conventions.

bits can be one of:
32 compiled as an ARM library.
16 compiled as a Thumb library.

byt esex can be one of:
[ compiled for a little-endian target.
b compiled for a big-endian target.

4-4
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4.2 The ANSI C library

This section describes the ANSI C library. It provides information on using the
precompiled libraries, and retargeting the library.

421 Using the ANSI C library
The ANSI C library variants are listed in Table 4-1, and Table 4-2 on page 4-6.

If you are building your C code with APCS options that are supported by one of the
precompiled library variants, the linker selects a precompiled library version that is
compatible.

If you select APCS options for which a suitable precompiled library variant does not
exist, the linker warns that the library file cannot be found. In this case you must build
alibrary variant that supportsyour APCS options, and name it appropriately so that the
linker selects your library variant.

Refer to Retargeting the ANS C library on page 4-6 for more information on building
anew library variant. Refer to Automatic inclusion of libraries on page 6-39 for more
information on library selection and naming.

Table 4-1 Precompiled Thumb library variants

Thumb libraries Description

arm i b. 16l Compiled with no software stack checking.

arm ib. 16b

armib_i. 16l Compiled for interworking.

armib_i.16b

armib_s. 16l Compiled with software stack checking.

armib_s. 16b

arm i b_si. 16l Compiled for interworking, and with software stack checking.

armib_si.16b
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Table 4-2 Precompiled ARM library variants

Library Description

arnm i b. 32l Compiled with software stack checking, frame pointer, and
arm i b. 32b software floating-point.

armib_c. 32l Compiled with no software stack checking.

armib_c.32b

arm i b_cn. 32| Compiled with no software stack checking and no frame pointer.

armib_cn.32b

arm i b_h. 32| Compiled with hardware floating-point, software stack checking,
arm i b_h. 32b and frame pointer.
arm i b_hc. 32l Compiled with hardware floating-point and frame pointer, and

armib_hc.32b

with no software stack checking.

arm i b_hcn. 321
armib_hcn. 32b

Compiled with hardware floating-point, no software stack
checking, and no frame pointer.

armib_r. 32l Compiled with software stack checking, frame pointer, hardware
armib_r.32b floating-point, and fp argumentsin fp registers.
armib_rc. 32l Compiled with frame pointer, hardware floating-point, fp

armib_rc.32b

argumentsin fp registers, and no software stack checking.

arm i b_rcn. 321
armib_rcn. 32b

Compiled with hardware floating-point, fp argumentsin fp
registers, no software stack checking, and no frame pointer.

4.2.2 Retargeting the ANSI C library

The ANSI Clibrary issupplied in full sourceform so that you can rebuild it, or retarget

it to your own operating system and hardware environment.

The C library sourcefilesareinstalled in c: \ ARMR50\ ¢l . Thetop level of this

directory contains the generic assembly language and C source code.

4-6
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Additional code is contained in the subdirectories listed in Table 4-3.

Table 4-3 C library subdirectories

\ angel Containstargeting code for the Angel semihosted C library. Thelibrary

is called semihosted because many functions, such asfile1/0, are
implemented on the host computer, through the host C library.

\ embedded Contains embedded C library specific functions.

\'t hunb Contains Thumb-specific implementations of C library functions.

\clib.b The build directory. Thisdirectory contains a separate subdirectory for
each standard variant of the C libraries.

\fplib Contains source code for the software floating-point library.

\ f pehead Contains assembly language macros and definitions used by the

software floating-point library code.

The target-independent code is generally grouped into one file for each section of the
ANSI C library. Conditional compilation and assembly is used to build afine-grain
library, usually with one object file for each function.

The procedure for retargeting the C library is:

1
2.
3.
4,

Copy the complete C library to the target directory and modify the source.
Define the Angel environment, if required.

Modify the makefile that matches your target environment the closest.
Make the library.

These steps are described in detail in the following sections.

Copying and modifying the sources

Follow these steps to copy and modify the C library sourcefiles:

1

Copy the completec: \ ARM250\ ¢l sourcedirectory and all its contentsto anew
directory. The new directory isyour target directory. If you copy the\ cl directory
outside c: \ ARM250 you must also copy c: \ ARMR50\ i ncl ude to the same
directory.

Modify the source files as required.

If you are rebuilding the existing ARM library with your own APCS options you
can skip this step. Refer to Editing the makefile on page 4-8 for information on
specifying options to build anew C library variant.

ARM DUI 0041C
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If you are porting the C library to your own hardware and operating system
environment, you must provide code to implement the C library functionsthat are
dependent on the target environment.

The target-dependent functions that you may need to implement are described in:

. Target-dependent ANS C library functions on page 4-27

. Target-dependent 1/O support functions on page 4-30

. Target-dependent kernel functions on page 4-36

. Target-dependent operating system functions on page 4-41.

In addition, if you are retargeting the library to your own operating environment

you must supply code to initialize the runtime libraries. I8g&alizing the
runtime libraries on page 4-10 for more information.

Defining the Angel environment

If you are building a library that uses Angel semihosting SWIs to access system
function, you must supply the definition of the Angel environment. The ARM ANSI C
library Angel definitions are in: \ ARMR50\ ¢l \ angel \ h_os. h and

c:\ ARM250\ cl \ angel \ h_os. s.

These files contain C and assembly language definitions to support Angel SWIs and
breakpoints.

Editing the makefile

The makefiles for all prebuilt library variants are installed in
c:\ARMR50\ cl\clib.b\/ibrary variant wherelibrary variant is either:

. angel _apcs_vari ant for Angel-targeted libraries
. enbedded_apcs_vari ant for embedded libraries.

The makefiles are named:
. mekefil e. pc for Windows makefiles
. makef il e. uni x for UNIX makefiles.

Follow these steps to edit the makefile:

1. Select the makefile that corresponds most closely to your target environment. For
example, to build a C library that is targeted to a processor without a
floating-point coprocessor, use a makefile that builds a library with
-apcs /softfp.

2. Modify the makefile. The makefile has two parts:
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. Definitions of selected options for the target environment. Specify the
options you want in this part of the makefile.

. A list of object files that are built by the makefile. If you add new source
files to the C library, you must include them in this list.

Refer toMakefile options on page 4-11 for a description of the makefile options.

Rename or copy the makefilentakef i | e. For example, from a Windows DOS
command-line type:

copy nakefile.pc makefile

Building the target-specific library

Follow these steps to build the target-specific library:

1.

Change directory to the build subdirectory of the target directory containing the
makefile. For example, from a Windows DOS command-line type:

cd c:\ARMR50\Cl \clib. b\angel _cn. 32|

to change to the build directory for a no software stack check, no frame pointer,
little-endian library targeted at Angel.

From the DOS command-line typemmake cl ean

to remove any object and library files from previous builds.

This step is required only if you are building from a Windows DOS
command-line.

Typear nmake vi a

This command constructs the via files that are used during the build to control
assembly and compilation operations. The via files are required because of the
command-line length restrictions imposed by MS-DOS.

Typear mmake al |

This command makes your C library. The library is saved in the target directory,
with the name defined in the LIBNAME makefile option.

ARM DUI 0041C
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Initializing the runtime libraries

Under Angel, the C runtimelibrariesareinitialized as part of Angel initiaization. If you
are retargeting the C library to your own environment, your operating system or
application must initialize the runtime libraries.

Toinitidize thelibrariesyoumustcall __rt _Ii b_i ni t withfour parameters:

. the top of the stack

. the start of the code ardarfige$$ROS$Base)

. the end of the code ardartge$SROBSLI mi t)

. a pointer to a C++ init block__cpp_initialise and__cpp_finali se).

Example 4-1 shows an implementation of the initialization code.

Example 4-1

IMPORT _ rt_lib_init

| MPORT | | mege$$RO$Base]|

| MPORT | | mage$$ROBSLI mit |

IMPORT | __cpp_initialise|], WEAK
I MPORT | __cpp_finalise|, WEAK

AREA Li bl nit, CODE, READONLY

init_library
ADR ro, Tos
LDMA r0, {r0O-r3}
B _rt lib_init

Return to the caller when we return...

TOS DCD Ox3fffffc i My Top OF Stack Address
DCD | I mage$$RO$$Base|
DCD | I mage$$ROBSLI mit |
DCD | __cpp_initialise|
DCD | __cpp_finalise]|
END
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Makefile options
The supplied makefiles for the C library variants have the following options:
LIBTYPE Specify thetype of library you wish to build:
=angel build an Angel semihosting library.
=enbedded build the embedded library.

LIBNAME Specify the name for your output library file. You must use a name with
the correct APCS file extension if you want the linker to automatically
link with your library. You can do this by specifying a name of the form:

| i bnane. $( PCSZ) $( ENDI AN)
Refer to Automatic inclusion of libraries on page 6-39 for more
information on naming conventions.
TARGET  Specify whether the target system is ARM or Thumb:
=arm thetarget isARM.
=t hunb thetargetis Thumb.

memcpy Specify how the following memory functions are implemented:

=smal | Thefunctionsnmencpy(), mrermove(), and nenset () are
implemented by generic C code. The C code attemptsto do as
much work as possible in word units. Each function occupies
approximately 100 bytes.

=f ast The functions memove() and nencpy() areimplemented
together in assembly language. The code attempts to do the
move eight words at atime, using LDMand STMinstructions.

The two functions occupy approximately 1200 bytes. The
menset () function isimplemented similarly, and occupies

approximately 200 bytes.
divide Specify how divide isimplemented:
=smal | A small but slow implementation of division

(approximately one bit per iteration).

=unrol | ed Unsigned and signed divide areunrolled eight times
for greater speed. This option increases code size.
Completeunrolling of divideispossible, but should
be done with care because the size increase might
result in decreased performance on acached ARM.
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Both variants include fast unsigned and signed divide by 10.

stdfile redirection

backtrace

stack

fp_type

PCSZ

Specify whether command-line redirection is enabled:

=on Redirection is enabled. Standard UNIX-stylefile redirection
syntax can be used from the image argument string (<, >, >>,
>&, 1>8&2).

=of f Redirection is disabled.

Specify whether stack backtracing isenabled. Thisoptionisobsoleteand
is provided for backwards compatibility only. Backtrace works only for
code compiled to use a frame pointer:

=on The default signal handler ends by producing a call-stack
traceback to st derr .

Use of thisvariant is not encouraged. It increases the
proportion of the library that is linked into all images, and
provides functionality that is better obtained from a separate
debugger.

=of f No backtracing sel ected.

Specify the type of stack used by the library:
=cont i guous Use a contiguous stack.
=chunked Use a chunked stack.
Specify floating-point support:

=fpli b Include softwarefloating-point routinesin the Clibrary. Refer
to Chapter 11 Floating-point Support for information on
floating-point support.

=har df p Thelibrary expects hardware floating-point support.
Specify whether the library is built for 32-bit or 26-bit ARM processors:
=32 Build for a 32-bit address space.

=26 Build for a 26-bit address space. Thisoption isobsoleteand is
provided for backwards compatibility only.
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Select the endianness of the library:

=b Big-endian.

=| Little-endian.

Select the floating-point instruction set:

=2 Release 2 FPA instructions. This option is obsolete and is
provided for backwards compatibility only.

=3 Release 3 FPA instructions.

FPREGARGS

FPTYPE

LDMLIMIT

Specify whether or not floating-point arguments are passed in
floating-point registers:

f pregargs Floating-point arguments are passed in
floating-point registers.

nof pr egar gs Floating-point arguments are passed in integer
registers.

Select the floating-point APCS options. Set FPTY PE to either:
sof tfp Floating-point instructions are handled by software.

har df p/ f pe$( FPI S) / $( FPREGARGS)
Floating-point instructions are handled by hardware.

Specify the maximum number of registers allowed in load multiple and
store multiple instructions. You can use this option to minimize interrupt
latency.

INTERWORK

APCSA

Specify whether the library supports interworking between ARM code
and Thumb code:

=i nt er wor k Build an interworking library variant.
=noi nt er wor k Build a non-interworking library variant.

Specify additional APCS options for the assembler. Refer to Chapter 5
Assembler for details of the APCS options accepted by the assembler.

ARM DUI 0041C
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APCSC

CcC

CCFLAGS

AS

ASFLAGS

Specify additional APCS options for the compiler, other than those
specified by INTERWORK and FPTY PE. Refer to Chapter 2 The ARM
Compilersfor details of the APCS options accepted by the compilers.

Specify the compiler to be used for the build. Select an appropriate value
depending on the values of TARGET and INTERWORK:

CC=$ARMCC For ARM libraries.
CC=$TCC For Thumb or interworking options.

Set CCFLAGS for additional compiler options. Refer to Chapter 2 The
ARM Compilersfor afull list of compiler options.

Specify the assembler to be used for the build:

Set ASto $(ARMASM) or $(TASM). Select an appropriate value
depending on the values of TARGET and INTERWORK.

Set ASFLAGS for additional assembler options. Refer to Chapter 5
Assembler for afull list of assembler options.

Copyright © 1997 and 1998 ARM Limited. All rights reserved. ARM DUI 0041C



The C and C++ Libraries

4.3 The ARM C++ libraries

Thissection describes ARM C++ library support. It providesinformation on how to use
the standard C library from C++, and how to rebuild the C++ library. For detailed
information on the contents of the C++ library, refer to:

. Sandard C++ library implementation definition on page 3-35
. The Rogue Wave online documentatiorein ARM250\ Ht i .

4.3.1 Using the libraries

The ARM C++ library is provided with the same APCS, endian, and ARM/Thumb
variants as the C library variants listedPirecompiled ARM library variants on page
4-6 andPrecompiled Thumb library variants on page 4-5. For C++, the libraries are
namedar ncppl i b_apcs_vari ant.

You must build your code with APCS options that are supported by one of the
precompiled library variants. The linker selects a precompiled library version that is
compatible with the APCS options you select for the assembler and compiler. Refer to
Automatic inclusion of libraries on page 6-39 for more information.

If you select APCS options for which a suitable precompiled library variant does not
exist, the linker warns that the library file cannot be found.

— Note

Because the ARM C++ library is supplied in binary form only, you cannot rebuild the
library with non-supported APCS options.

The source for the Rogue Wave Standard C++ library is not freely distributable. It may
be obtained from Rogue Wave Software Inc., or through ARM Ltd, for an additional
licence fee.

Using the standard C library from C++

If you use only the ANSI C headers and your own headers with the C++ compiler, you
need only the following library support:

C++ compiler helper functions

You can build a runtime version of the C++ helper functions from
c: \ARMR50\ Armeppl i b_kit\cpplib\runtine.c

From the DOS command-line, type:
arnmcpp -apcs APCS options -DALL runtine.c
to build ther unt i ne. o object file.

ARM DUI 0041C
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Alternatively, you can use one of the prebuilt ARM C++ library variants.
See Using the standard C++ library for more information.

An ANSI C library binary

The ANSI Clibrariesarelocatedinc: \ ARM250\ | i b. Refer to The ANS
C library on page 4-5 for more information on the standard ANSI C
libraries.

Using the standard C++ library

When you build your C++ code the linker selects an appropriate precompiled C++
library version.

The ARM C++ library provides:

Rogue Wave Standard C++ library

Thisissuppliedin binary form only, as part of the precompiled armcpplib
variants, and as sublibraries that you can use to rebuild armcpplib
libraries.

Thelibrary filesare located in c: \ ARMR50\ Ar ntppl i b_kit\stdlib.

Additional library functions

Thesefunctionsarebuilt into the C++ library to support the compiler, and
to provide basic support for some parts of the Standard C++ library that
are not supported by the Rogue Wave implementation.

Source code for the additional functionsislocated in
c:\ ARMR50\ | i b\ Arntcppl i b_ki t\ cppl i b. The header filesare
installed inc: \ ARMR50\ i ncl ude.

The additional functions are:

. C++ compiler helper functions. Calls to these functions are
generated by the compiler to implement certain language
constructs.

. Support for themew operator. The header filew. h is installed in

c: \ ARM250\ i ncl ude. If you are using the Rogue Wave Standard

C++ library headenew, you do not needew. h

. Partial implementation of theype_i nf o class. The header file
t ypei nf o is installed inc: \ ARMR50\ i ncl ude.
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. Partial support for C++ iostreams. The headeit filgt r eam h is
installed inc: \ ARM250\ i ncl ude. In addition, an identical header
file namedst r eam h is installed inc: \ ARM250\ i ncl ude for
compatibility with previous releases of ARM C++.

4.3.2 Rebuilding the ARM C++ library
The ARM C++ library consists of two subsections:

. Prebuilt sublibrary files for the Rogue Wave Standard C++ library. These are
installed inc: \ ARM250\ Ar ntppl i b_ki t\stdlib, orthe equivalent UNIX
directory.

. Source code and rebuild scripts for the ARM C++ library additions. These are
installed inc: \ ARMR50\ Ar ntppl i b_ki t\ cppli b, or the equivalent UNIX
directory.

The source for the ARM C++ library additions can be modified as you wish. The source
for the Rogue Wave Standard C++ library is not freely distributable. It can be obtained
from Rogue Wave Software Inc., or through ARM Ltd, for an additional licence fee.

Follow these steps to rebuild a particular variant of the armcpplib library:

1. Change directory to:
Arcppl i b_kit\cpplib\cpplib.b\platform
wherep/ at f or m is eithercchppa, gccsolrs, intelrel, depending on
your installation.
2. From the system command-line type:
arnmake |ib_cpplib_variant

wherevari ant is the name of the library variant you want to build. If you are
building under UNIX, type the name of your make utility insteadrofake.

Variant names follow the suffix naming conventions describ&sbirary naming
conventions on page 4-4. The makefile supports the same APCS variants as the C
library variants described in Table 4-1 on page 4-5 and Table 4-2 on page 4-6.

For example, to build a little-endian ARM library with no software stack
checking, and no frame pointer type:

armrake |ib_cpplib_cn. 32|
This createsppl i b_cn. 32| .
You can typear mmake al | to compile all 26 APCS variants.

3.  Create a temporary directory and copy the opm! i b variant to it.
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Copy the equivalent precompiled Rogue Wave library to your temporary
directory. For the example in step 2, copy
Arncpplib_kit\stdlib\stdlib_cn.32|.

Typethefollowing commandsto extract the object filesfrom thetwo librariesand
create anew armcpplib library:

armib -e cpplib_cn.32 *
armib -e stdlib _cn. 32l *
armib -c -o arncpplib_cn. 321 *.o*

If you are building under UNIX you must escape the * character. Type:

armib -e cpplib_hc.32] \*
armib -e stdlib_hc.32] \*
armib -c -o arncpplib_hc. 321 *.o*

The new library isready for use.

4-18
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4.4 The embedded C library

The ARM embedded C library addresses problems caused by linking the standard ANSI
C library into an embedded system. The ARM embedded C library isasubset of thefull
ANSI C library that addresses the following issues:

. The standard ANSI C library relies on underlying Angel SWiIs for its operation.
Unless your embedded system supports these SWis in its SWI handler, the C
library will not work correctly.

. For the standard ANSI C library to execute, the memory system must be
configured in the way expected by the C library. This may not be easy to support
in your embedded system.

. There is a minimum overhead of about 3KB when the standard ANSI C library is
included. The embedded C library has no overhead.

. The ANSI C library is non-reentrant. This may cause problems in embedded
systems.

Refer toExample 3: Using the embedded C library on page 10-21 of th&RM Software
Development Toolkit User Guide for an example of how to use the embedded C library.

441 Embedded C library functions

The functions in the embedded C library are:

Runtime support functions

These functions carry out operations that are not available as ARM
instructions, such as division. These functions are provided by the
embedded C library.

Softwar e floating-point library

When the compiler compiles code for use with software floating-point, it
generates calls to routines in the library to perform floating-point
operations. For example, to perform a double-precision multiply, the
compiler generates a call tdnul . All such routines are provided as
standard by the embedded C library.

C library subset
This provides a subset of the C library routines. Only functions that fulfil
the criteria described below have been included in the embedded C
library. Refer taC library subset on page 4-20 for a complete list of the
included functions.

ARM DUI 0041C
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Static data

The embedded C library does not make any use of static data. Because of this, itis
automatically fully reentrant.

Operating-system independence

The embedded C functions do not rely on the underlying operating system in any way.

Many functionsinthefull ANSI library rely on the underlying OSto perform functions
such as writing characters, or opening files. These functions are excluded from the
embedded C library. For example, functionssuch as pri nt f () are excluded, but
sprintf() isnot.

Standalone functions

Many functionsin the full ANSI Clibrary rely on anumber of other functionsin the C
library to perform their operations. For example, pri nt f () relieson functionssuch as
ferror() andfputc(). Thismeansthat asinglecall toprintf () includesalarge
amount of the C library code.

The embedded C library breaks many of these dependencies so that only the minimum
amount of code needed to perform the operation is included.

C library subset
Table 4-4 lists the C library functions that are supported in the embedded C library.

Table 4-4 Supported C library functions

File Functions

mat h. h acos asin at an at an2 ceil
cos cosh exp f abs floor
f nod frexp | dexp | og | 0og10
nodf pow sin si nh sqrt
tan tanh

stdlib.h abs at oi at ol at of bsearch
cal |l oc div free | abs I div
mal | oc gsort real |l oc strtod strtol
strtoul

ctype. h i sal num i sal pha iscntrl isdigit i sgraph
i sl ower i sprint i spunct i sspace i supper
i sxdigit t ol ower t oupper
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Table 4-4 Supported C library functions (Continued)

File Functions

string.h menchr mencnp mencpy menmove menset
st rncpy strncnp strcat strcnp strcpy
strlen strchr strcspn strncat strrchr
strspn strstr strxfrm strpbrk

stdio.h sprintf sscanf

setjmp.h setjnp | ongj mp

4.4.2 Embedded C library variants
The following variants of the embedded C library are provided:

enbedded\arm i b_i. 16l

Thumb little-endian interworking version with no software stack check
and no frame pointer.

enmbedded\arm i b_i. 16b

Thumb big-endian interworking version with no software stack check
and no frame pointer.

enbedded\arm i b_cn. 32|

ARM little-endian non-interworking version with no software stack
check and no frame pointer.

enbedded\arm i b_cn. 32b
ARM big-endian non-interworking version with no software stack check

and no frame pointer.
Building other variants

If you want to build different variants of the embedded C library (for example, to add
software stack checking), see Retargeting the ANSI C library on page 4-6.
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4.4.3 Callouts from the embedded C library

Becausetheembedded Clibrary isdesigned to be completely independent of static data,
or any operating system specific calls, it cannot perform operations that are operating
system specific, or that reference static data directly. Instead, it performs a callout to a
user-supplied function to perform these operations. There are four callouts that the
embedded C library may make:

_rt_trap()
Called when an exception is generated in the embedded C library.

__rt_errno_addr ()
Called to get the address of the variable er r no.

_rt_fp_status_addr()
Called by the fl oating-point support code to get the address of the
floating-point status word.

__rt_heapdescriptor()
Called by the heap storage management functions to get the heap
descriptor.

In most cases, the embedded C library tests for the existence of the callout function
before calling it. If the function does not exist, a default action is taken.

The callout functions and their default actions are described in the following sections.
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4.4.4 _rt_trap

Theembedded Clibrary performsacalloutto__rt _trap() tohandleexceptionssuch
asdivision by zero.

The following error codes may be generated by the embedded C library, and must be
handledby _ rt_trap():

0x80000020 Integer divide by zero.
0x80000200 Invalid floating-point operation.
0x80000201 Floating-point overflow.
0x80000202 Floating-point divide by zero.
Syntax

void __rt_trap(ErrBlock *err, RegSet regs)
where:
err isapointer to ablock containing an error code followed by a

zero-terminated string describing the error. Er r Bl ock is defined as:

typedef struct {

unsi gned Err Code;

char ErrString[ 252];
} ErrBl ock;

regs isablock of 16 words containing the valuesin theregisters at the time of
the exception. RegSet is defined as:

typedef unsigned RegSet[ 16];

If __rt_trap() isnotdefined, the embedded C library executes an undefined
instruction.
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445 __rt_errno_addr

Thisfunction is called to obtain the address of the C library er r no variable when the
embedded C library attemptsto read or write er r no. The embedded C library may set

errno to:

1, ERRDOM I nput argument domain error.
2, ERRANGE Result range error.

Syntax

volatile int *_ rt_errno_addr(void)

If __rt_errno_addr () isnotdefined, the embedded C library does not attempt to set
orread err no.
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4.4.6 __rt_fp_status_addr

This function returns the address of the floating-point status register. Example 4-2
showshow__rt_fp_status_addr () isdefined.

Example 4-2

/*

Descriptions of these bits may be found on page 9-8 of the 7500FE data sheet. The
software floating-point library does not inplement the | XE or UFE exceptions

*/

#define 1 OC _Bit (1 << 0) /* Invalid op cumul ative */
#define DZC Bit (1 << 1) /* Divide zero cumul ative */
#define OFC Bit (1 << 2) /* Overflow curul ative */
#define UFC Bit (1 << 3) /* Underflow cunul ative */
#define | XC Bit (1 << 4) /* Inexact cunul ative */
#define ND Bit (1 << 8) /* No denornalised nunmbers */
#define 1CE_Bit (1 << 16) /* Invalid operation exception */
#define DZE_Bit (1 << 17) /* Divide zero exception */
#define OFE_Bit (1 << 18) /* Overfl ow exception */
#define UFE_Bit (1 << 19) /* Underfl ow exception */
#define | XE_Bit (1 << 20) /* I nexact exception */

#define FP_SWLIB  0x40000000
#define FP_SWEMJ  0x01000000
#define FP_HWFPA  0x81000000

/* This enables all supported exceptions. It is useful to have them enabl ed by
default. */

static unsigned _ fp_status_flags = FP_SWLI B+l OE_Bit+DZE Bit+OFE_Bit;
unsigned *__rt_fp_status_addr(void)

{
}

return & fp_status_flags;

If _rt_fp_status_addr () isnotdefined, theembedded C library does not attempt
toread or write thefloating-point status register. For the purposes of raising exceptions,
it assumes that the following exception enable bits are set:

const unsigned _ fp_status_default =
FP_SW LI B+l CE Bit+DZE Bit+OFE Bit;
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4.4.7 __rt_embeddedalloc_init

The heap manager manages a single contiguous area of memory. To initialize the heap
manager, declare and call the following function from the startup code of your
embedded system.

Syntax

void *__rt_enbeddedal | oc_init(void *base, size_t size)

Return

This function returns a pointer to a heap descriptor. You must call this function before
any other heap functions are used.

4.4.8 __rt_heapdescriptor

Thisfunction is called from the storage management functions. The value returned by
this function must be the same as that returned by the call to

__rt_enbeddedal | oc_i ni t (). Thisfunction isnot optional, because the heap
cannot work without the heap descriptor.

Syntax

void *__rt_heapdescri ptor(void)
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Target-dependent ANSI C library functions

clock

Implementation of the following ANSI standard functions fully depends on the target
operating system. None of these functions are used internally by thelibrary. Thismeans
that, if any of these functions are not implemented, only clients that directly call the
function will fail.

The target-dependent ANSI C library functions are:

. cl ock()

. _clock_init()
. getenv()

. _getenv_init()
. renove()

. rename()

. systen()

. time().

The standard C library clock function framme. h.

Syntax

clock_t clock(void)

Implementation

The compiler is expected to predefineCLK_TCK if the units ofcl ock_t differ from
the default of centiseconds. If this is not done, you must edi. h to define
appropriate values f@LK_TCK andCLOCKS_PER_SEC.
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45.2 _clock_init

An optional initialization function for cl ock() .

Syntax

___weak void _clock_init(void)

Implementation

Thisfunction is declared weak. You should initialize cl ock() if it must work with a
read-only timer. If implemented, _cl ock_i ni t () iscaled from thelibrary
initialization code.

45.3 getenv

The standard C library get env() function fromstdli b. h.

Syntax

char *getenv(const char *string)

45.4 _getenv_init

An optional initialization function for get env() .

Syntax

___weak void _getenv_init(void)

Implementation
Thisfunction is declared weak. If it isimplemented, it is called from the library
initialization code.

45.5 remove

The standard C library r enmove() function from st di o. h.

Syntax

int renove(const char *pathnane)
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45.6 rename

The standard C library r enanme() function from st di o. h.

Syntax

int rename(const char *old, const char *new

457 system

The standard C library syst en() functionfromstdlib. h.

Syntax

int systen{const char *string)

45.8 time

The standard C library t i me() functionfromti me. h.

Syntax

time_t time(time_t *tiner)
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4.6 Target-dependent I/O support functions

The Clibrary, assupplied, only conveniently handles byte-stream files. This meansthat
handling other file types in the target-independent 1/0O support code can be done, but
may be complicated toimplement. For example, block stream filesare simpleto support
in the absence of user-supplied buffers.

If any 1/O functionisused, host sys. h must define the type FI LEHANDLE. The value
of FI LEHANDLE isreturned by _sys_open() and identifies an open file on the host
system. There must be at least one distinguished value of type FI LEHANDLE. It is
defined by the macro NONHANDLE, and is used to distinguish afailed call to
_sys_open().

Foranunaltered _rt _lib_init(),themacro TTYFI LENAME must be defined asa
string to be used in opening afile to terminal.

The macro HOSTOS_NEEDSENSURE should be defined if the host operating system
requires an ensure operation to flush OS file buffers to disk if an OS write is followed
by an OS read that itself requires a seek (the flush happens before the seek).

The target-dependent input and output functions are:

. _sys_open()

. _sys_cl ose()

. _sys_read()

. _sys_wite()

. _sys_ensure()
. _sys_flen()

. _sys_iserror()
. _sys_istty()

. _sys_tnpnam()
. _sys_ttywch.
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Open afile.

Syntax

FI LEHANDLE _sys_open(const char *nane, int opennode)

Implementation

Thisfunctionisrequired by f open() andfreopen() . Theseinturnarerequiredif any
[/O function is to be used.

The opennode parameter is a bitmap, in which the bits mostly correspond directly to
the ANSI mode specification. Refer to host sys. h for details. Target-dependent
extensions are possible, in which case f r eopen() must aso be extended.

Close afile previously opened with _sys_open() .

Syntax

int _sys_cl ose(Fl LEHANDLE f h)

Implementation

This function must be defined if any 1/0 function isto be used. Thereturn valueis 0 or
an error indication.
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4.6.3

_sys_read

Read the contents of afile into a buffer.

Syntax

int _sys_read (FILEHANDLE fh, unsigned char *buf, unsigned /en,

i nt node)

Implementation

This function must be defined if any input function or scanf () variant isto be used.
The node argument is a bitmap describing the state of the FILE connected to f h, asfor
_sys_write(). Thereturnvaueisone of the following:

the number of charactenst read (that is| en - resul t were read)
an error indication

an EOF indicator. The EOF indication involves the setting of 0x80000000 in the
normal result. The target-independent code is capable of handling either:

early EOF where the last read from a file returns some characters plus
an EOF indicator

late EOF where the last read returns just EOF:
int _sys_seek(FI LEHANDLE fh, |ong pos)

The function must be defined if any input or output function is to be used. It puts
the file pointer at offsebos from the beginning of the file. The result is >= 0 if
okay, and is negative for an error.
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Write the contents of a buffer to afile previously opened with _sys_open() .

Syntax

int _sys_wite(FlILEHANDLE fh, const unsigned char *buf,
unsi gned /en, int node)

Implementation

Thisfunction must be defined if any output function or pri nt f () variant isto be used.
The node parameter is a bitmap describing the state of the FILE connected to f h. See
the I Oxxx constantsini ogut s. h for its meaning. Only afew of these bits are
expected to be needed by _sys_write().

Thereturn valueisthe number of characters not written (that is, non-0 denotes afailure
of some sort), or a negative error indicator.

_Sys_ensure

Flush buffers associated with afile.

Syntax

int _sys_ensure(Fl LEHANDLE fh)

Implementation

This function isrequired only if you define HOSTOS_NEEDSENSURE. A call to
_sys_ensur e() flushesany buffers associated with f h, and ensures that thefileisup
to date on the backing store medium. The result is>= 0 if okay, and is negative for an
error.
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4.6.6 _sys_flen
Return the current length of afile.
Syntax
I ong _sys_fl en(Fl LEHANDLE f h)
Implementation
Thisfunction returnsthe current length of thefile f h, or anegative error indicator. It is
needed in order to convert f seek(, SEEK_END) into(, SEEK_SET) asrequired by
_sys_seek() . It must be defined if f seek() isto beused. You can adopt a different
model hereif the underlying system directly supports seeking relative to the end of a
file, inwhich case_sys_f 1 en() can be eliminated.

4.6.7 _Sys_iserror
This function determinesiif the return value for any of the _sysfunctionsis an error.
Syntax
int _sys_iserror(int status)
Implementation
A _sys_iserror() function,ora_sys_i serror () macro, isrequired if any of the
_sys functionsthat return ani nt value are implemented.

4.6.8 _Sys_istty
Determineif afileis connected to aterminal.
Syntax
int _sys_istty(FILE *f)
Implementation
This function must return non-zero if the argument file is connected to aterminal.
Thisfunction isused to provide default unbuffered behavior (in the absence of acall to
set (v) buf), and to disallow seeking. It must be defined if any output function,
including sprint f () variants, or f seek() isto be used.
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4.6.9 _Sys_tmpnam

4.6.10 _ttywrch

Thisfunction convertsafile number (fileno) for atemporary fileinto auniquefilename,
such ast np0001.
Syntax

voi d _sys_tnpnam(char *nane, int fileno)

Implementation

Thisfunction must be defined if t npnan() ort npfil () areto be used. It returnsthe
filenamein nane.

Write a character, notionally to the console.

Syntax

void _ttywch(int ch)

Implementation

Thisfunction isrequired. It is used in the host-independent part of the library in the
last-ditch error reporter, when writing to stderr isbelieved to havefailed or to be unsafe.
For example, it isused in the default SIGSTK handler.
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4.7

4.7.1

Target-dependent kernel functions

__main

The Kernel handlesthe entry to, and exit from, an application linked with the library. It
also exports some variables for use by other parts of the library. Details of what the
kernel must do depend on the target environment.

You can use the ARMulator-host C library kernel incl \ angel \ kernel . s asa
prototype.

The target-dependent kernel functions are:
. __main()

. _rt_exit()

. _rt_command_string()

. _rt_trap()

. _rt_alloc()

. _rt_malloc()

. _rt_free().

This function provides the entry point to the application.

Syntax

__main()

Implementation

This function is called after low-level library initialization. The initialization required
depends on the target environment. It may include:

. Initializing heap, stack, and fp support.

. Calling appropriate _osdep_xxx_i ni t () functions if they have been
implemented. Refer ftarget-dependent operating systemfunctions on page 4-41
for more information.

__main() mustcall_rt_lib_init() toinitialize the body of the library. Refer to

Initializing the runtime libraries on page 4-10 for more information.
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4.7.2 __rt_exit

Finalize library initialization.

Syntax

void __rt_exit(int ret_code)

Implementation

Thismandatory function finalizesthelibrary, notincluding callingat exi t () handlers.
It returnsto the operating system with its argument as acompletion code. Itiscalled by
__main() or__exit().

4.7.3 __rt_command_string

Return the command-line string used to invoke the program.

Syntax

char *__rt_conmmand_string(char *str, int [en)

Implementation

This mandatory function returns the address of the string used to invoke the program.
The command-lineis stored in buffer st r of length / en if the buffer islarge enough to
storeit.
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4.7.4 __rt_trap
Handle afault, such as the processor detected atrap and enabled fp exception.
Syntax
void __rt_trap(ErrBlock *err, RegSet regs)
where:
err isapointer to a block containing an error code followed by a
zero-terminated string describing the error. Er r Bl ock isdefined as:
typedef struct {
unsi gned Err Code;
char ErrString[252];
} ErrBl ock;
regs isablock of 16 words containing the registers at the time of the
exception. RegSet isdefined as:
typedef unsigned RegSet[ 16];
If __rt_trap() isnotdefined, the embedded C library executes an undefined
instruction.
Implementation
This function is mandatory. The argument register set describes the processor state at
the time of the fault, with the pc value addressing the faulting instruction (except
perhaps in the case of imprecise floating-point exceptions). The implementation in the
ARMulator kernel is usually adequate.
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The low-level memory allocator underlying mal | oc() .

Syntax
The syntax is:

unsigned __rt_alloc(unsigned nm nwords, void **bl ock)

Implementation

Themal | oc() function alocates memory only between HeapBase and HeapTop. A
calto__rt_alloc() atemptsto move HeapTop.

__rt_alloc() shouldtry to alocate ablock of a size greater than or equal to

m nwor ds. If thisisnot available, and if __osdep_heapsupport _extend() is
defined, it should be called to attempt to move HeapTop. Otherwise (or if the call fails)
it should allocate the largest possible block of sensible size.

Thereturn value is the size of block allocated, and * b/ ock is set to point to the start of
the allocated block. The return value may be 0 if no sensibly-sized block can be
allocated. Allocations are rounded up to a suitable size to avoid an excessive number of
calsto__rt_alloc().

A function pointer to a primitive memory allocation function.

Syntax

void *(*_rt_malloc)(size_t n)

Implementation

The kernel should initialize this function pointer to point to a primitive memory
allocation function. The library itself contains no callsto mal | oc() other than those
from functions of the malloc family, such ascal | oc() . The function pointed to by
_rt_mall oc() iscaledinstead.

If mal | oc() islinked intotheimage, _ rt_mal | oc() issettonal | oc() during
initialization. Otherwiseitissetto __mal | oc().Theuseof __rt_mal | oc() ensures
that allocations succeed if they are made before mal | oc() isinitialized, and prevents
mal | oc() from being linked into an imageif it is not used.
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4.7.7 __rt_free

A function pointer to a primitive memory freeing function.

Syntax

extern void (*__rt_free)(void *)

Implementation

Thekernel should initialize this function pointer to point to aprimitive memory freeing
function. See __rt_malloc on page 4-39.
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4.8 Target-dependent operating system functions

The target-dependent operating system functions are:

. __osdep_traphandl ers_init()
. __osdep_traphandl ers_finalise()
. __osdep_heapsupport _init()
. __osdep_heapsupport _finalise()
. __osdep_heapsupport _ext end()
. _hostos_error_string()
. _hostos_signal _string().
48.1 __osdep_traphandlers_init

Install a handler to catch processor aborts and pass themttot r ap() .

Syntax

void __osdep_traphandl ers_init(void)

48.2 __osdep_traphandlers_finalise

Remove the processor handlers installed by tlesdep_t r aphandl ers_i nit ()
function.

Syntax

void __osdep_traphandl ers_finalise(void)

4.8.3 __osdep_heapsupport_init

Initialize heap support.

Syntax

voi d __osdep_heapsupport _init(HeapDescriptor *hd)

Implementation

This function must be provided, but may be empty. It is called when the heap is being
initialized.
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48.4 __osdep_heapsupport_finalise

Finalize heap support.

Syntax

voi d __osdep_heapsupport _finalise(void)

Implementation

This function must be provided, but may be empty. It is called when the heap is being
finalized.

4.8.5 __osdep_heapsupport_extend

Extend the heap.

Syntax

__value_in_regs struct ExtendResult
__osdep_heapsupport _extend(int size, HeapDescriptor *hd)

where Ext endResul t isastructure of the form:

struct ExtendResul t{
int acqgsize;
voi d * acgbase;

}

Implementation

This function requests extension of the heap by at least si ze bytes. The return values
are the number of bytes acquired, and the base address of the new acquisition. This
function must be provided, but an empty version that returns:

struct{
0;
NULL; }

issufficient if heap extension is not needed.
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4.8.6 _hostos_error_string

Return an error message.

Syntax

char *_hostos_error_string(int no, char *buf)

Implementation

Thisfunction is called to return a string describing an error outside the set ERRxxx
definedinerr no. h. It may generate the message into the supplied buf if it needsto do
s0. It must be defined if perror () orstrerror() isto be used.

4.8.7 _hostos_signal_string

Return asignal description.

Syntax

char * _hostos_signal _string(int no)

Implementation

Thisfunctioniscalled to return astring describing asignal whose number is outside the
set Sl Gexx defined insi gnal . h.
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Chapter 5
Assembler

This chapter describes the language features that are provided by the ARM assembl er,
such as pseudo-instructions, directives and macros. It contains the following sections:

. Command syntax on page 5-3

. Format of source lines on page 5-8

. Predefined register and coprocessor names on page 5-9
. Built-in variables on page 5-10

. ARM pseudo-instructions on page 5-11

. Thumb pseudo-instructions on page 5-19

. Symbols on page 5-25

. Directives on page 5-30

. Expressions and operators on page 5-88.

See Table 5-1 on page 5-2 to locate individual pseudo-instructions or directives.

This chapter does not contain detailed information on how to write ARM assembly
language. Refer to ChapteBasic Assembly Language Programming in the ARM
Software Devel opment Toolkit User Guide for tutorial information on how to use many
of the language features described here.

For detailed information on ARM and Thumb instruction mnemonics, refer fiRitde
Architectural Reference Manual and theARM FPA10 Data Shest.
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Table 5-1 Directives and pseudo-instructions

Directives:

Reporting:

Assembly control:

AREA on page 5-38

ASSERT on page 5-40

[ orl F onpage5-33

CODE16 on page 5-42

I NFOor ! on page 5-67

| or ELSE on page 5-34

CODE32 on page 5-43

OPT on page 5-77

] or ENDI F on page 5-34

END on page 5-55

SUBT on page 5-85

CET or | NCLUDE on page 5-63

ENTRY on page 5-56

TTL on page 5-86

I NCBI N on page 5-66

NCFP on page 5-76

Symbol definition:

MACROON page 5-73

ROUT on page 5-81

CN on page 5-41

MEND on page 5-75

Data definition:

CP on page 5-44

MEXI T on page 5-75

# on page 5-31

EQUor * on page 5-57

VAEND on page 5-86

% on page 5-32

EXPORT or G_LOBAL on page 5-58

VWHI LE on page 5-87

~ or MAP on page 5-35

FN on page 5-59

ALI GN on page 5-36

CGBLA on page 5-60

ARM pseudo-instructions:

DATA on page 5-45

GBLL on page 5-61

ADR on page 5-12

DCB or = on page 5-46

GBLS on page 5-62

ADRL on page 5-13

DCD or & on page 5-47

| MPORT or EXTERN on page 5-64

LDFD on page 5-14

DCDU on page 5-48 KEEP on page 5-68 LDFS on page 5-15
DCFD on page 5-49 LCLA on page 5-69 LDR on page 5-16
DCFDU on page 5-50 LCLL on page 5-70 NOP on page 5-18

DCFS on page 5-51

LCLS on page 5-71

DCFSU on page 5-52 RLI ST on page 5-79 Thumb pseudo-instructions:
DCWon page 5-53 RN on page 5-80 ADR on page 5-20
DCWU on page 5-54 SETA on page 5-82 LDR on page 5-21
LTORGoN page 5-72 SETL on page 5-83 MOV on page 5-23
SETS on page 5-84 NOP on page 5-24
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5.1 Command syntax

Note

The ARM assembler, armasm, assembles both ARM and Thumb assembly languages.
The obsolete Thumb assembler, tasm, is provided in the Software Development Tool kit
for backwards compatibility only.

Invoke the ARM assembler using this command:

armasm [-apcs [none | 3[/qualifier[/qualifier[...]11]11]

[-arch architecture] [-bigend | -Littleend] [-checkreglist]
[-cpu ARMeore] [-depend dependfile] [-errors errorfile] [-9]
[-help] [-keep] [-i dir [,dir]..]][-list listingfile[ options]]
[-m_axcache n][-MD-][-noc ____ache] [-noe___sc] [-noregs] [-now ____arn]
[-o filenane][-p _redefine " directive"][-proc essor ARMor €]
[-unsafe] [-via file]l[-16 | -32] inputfile

where:

-apcs [none | 3[/ qualifier[l qualifier]]

specifieswhether you are using the ARM Procedure Call Standard or not,
and may specify some attributes of code areas. See Chapter 6 Using the
Procedure Call Standards in the ARM Software Development Tool kit
User Guide for more information.

none specifiesthat i nput fi | e doesnot use APCS. APCSregisters
are not set up. Qualifiersare not allowed.

3 specifiesthat i nput fi | e uses APCS version 3. APCS
registers are set up. Thisis the default.

Valuesfor qual i fi er are:

nointer work

specifies that the code is not suitable for ARM/Thumb
interworking. Thisis the default.

inter _work
specifies that the code is suitable for ARM/Thumb
interworking. This option hasthe same effect as specifying the
INTERWORIttributefor all code areasin the sourcefilesto be
assembled. Refer to the ARM Software Development Tool kit
User Guide for more information on ARM/Thumb
interworking.
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swst ackcheck

specifiesthat the code in i nput fi | e carries out software
stack checking.

noswst ackcheck

specifies that the code in i nput f i | e does not carry out
software stack-limit checking. Thisis the default.

reentrant
specifiesthat thecodein i nput fi | e isreentrant. Thisoption
is obsolete and is provided for backwards compatibility only.
The SDT version 2.50 linker does not link objects assembled
with - apcs /reentrant.

nonr eent r ant

specifiesthat the codein i nput fi | e isnon reentrant. Thisis
the default.

fp specifiesthat the code in i nput fi | e uses aframe pointer.
This option is obsolete and is provided for backwards
compatibility only.

nof p specifies that the code in i nput f i | e does not use aframe
pointer. Thisisthe default.

-arch architecture

- bi gend

setsthetarget architecture. Some processor-specific instructions produce
either errors or warnings if assembled for the wrong target architecture.
Seealsothe- unsaf e assembler option. Valid valuesfor ar chi t ect ur e
are3,3m 4, 4T, 4TxM

instructs the assembler to assemble code suitable for abig-endian ARM.
This option sets the built-in variable { ENDI AN} to bi g. The default is
-littleend.

- checkregli st

instructs the assembler to check RLI ST, LDM and STMregister liststo
ensurethat al registersare provided in increasing register number order.
If thisis not the case, awarning is given.

-cpu ARMeore

sets the target ARM core. Valid values for ARMeor e are:
ARMB an ARM 6 family processor.
ARM/ an ARM 7 family processor.

5-4
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ARMZ M an ARM 7 family processor with fast multiplier.

ARMIT an ARM 7 family processor with Thumb.

ARMZTDI an ARM 7 family processor with Thumb and debug
extensions.

ARM/ TDM an ARM 7 family processor with Thumb, debug
and fast multiplier.

ARM/TM an ARM 7 family processor with Thumb and fast
multiplier.

ARMB an ARM 8 family processor.

ARMD an ARM 9 family processor.

ARMDTM an ARM 9 family processor with Thumb and fast
multiplier.

St r ongARML a StrongARM 1 processor.

SA- 110 an SA-110 processor.

- depend dependfile

instructs the assembl er to save source file dependency lists. These are
suitable for use with make utilities.

-errors errorfile
instructs the assembl er to output error messagesto errorfil e.

-9 instructs the assembler to generate debug tables. Use the following
command-line options to control the behavior of - g:

-dwarf to select DWARF1 debug tables. This option is obsolete. Use
-dwarf 2 or-dwarf 1.

-dwar f 1 to select DWARF1 debug tables. This option is not
recommended for C++.

-dwar f 2 to select DWARF2 debug tables. Thisisthe default and is
selected if - g with no dwarf option is specified.

-hel p instructs the assembl er to display a summary of the assembler
command-line options.

- keep instructs the assembler to keep local labels in the symbol table of the
object file, for use by the debugger. See KEEP directive on page 5-68.
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Siodir [, dir]...

adds directories to the source file search path so that arguments to
GETINCLUDE directives do not need to be fully qualified. See GET or
INCLUDE directive on page 5-63 and INCBIN directive on page 5-66.

-list listingfile options

-li_ttleend

-maxc ache

instructs the assembler to output a detailed listing of the assembly
language produced by theassemblerto/ i st i ngfi | e. Usethefollowing
command-line options to control the behavior of -list

-not_erse

turnstheterse flag off. When thisoption ison, lines skipped
dueto conditional assembly do not appear in the listing. If the
terse option is off, these lines do appear in the listing. The
default is on.

-wi_dth  setsthelisting page width. The default is 79 characters.

-I_ength setsthelisting page length. Length zero means an unpaged
listing. The default is 66 lines.

-x_ref instructstheassembler tolist cross-referencing information on
symbols, including where they were defined and where they
were used, both inside and outside macros. The default is off.

instructsthe assembl er to assemble code suitablefor alittle-endian ARM.
This option sets the built-in variable {ENDIAN} tolitle . Thisisthe
default.

n
sets the maximum source cache size to n. The default is 8MB.

isfor the use of the ARM Project Manager. It instructs the assembler to
write makefile dependencies to the Project Manager.

turns off source caching. By default the assembler caches source files on
the first pass and reads them from memory on the second pass.

instructs the assembl er to ignore C-style escaped special characters, such
as\n and\t .

instructs the assembler not to predefine register names. Refer to
Predefined register and coprocessor names on page 5-9 for alist of
predefined register names.

5-6
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- nowar n turns off warning messages.

-o filenane

names the output object file. If thisoption is not specified, the assembler
usesthe second command-line argument that isnot avalid command-line
option as the name of the output file. If there is no such argument, the
assembl er creates an object filename of theform i nput fi | enane. o

-predefine "directive"
instructsthe assembler to pre-execute one of the SET directives. You must
enclose di r ect i ve in double quotes. See:

. SETA directive on page 5-82.

. SETL directive on page 5-83.

. SETSdirective on page 5-84.

The assembler executes a correspon@iid., GBLS, or GBLA directive
to define the variable before setting its value. Argumerggts must be
enclosed in escaped double quotation marks, for example:

-pd "Version SETS \"beta-4\""
-pd "Versi onNum SETA 4"

- processor ARMore
is a synonym for cpu

-unsafe allows assembly of a file containing instructions that are not available on
the specified architecture and processor. Corresponding error messages
are changed to warning messages.

-via file instructs the assembler to open e and read in command-line
arguments to the assembler.

-16 instructs the assembler to interpret instructions as Thumb instructions.
This is equivalent to placing@DEL6 directive at the head of the source
file.

-32 instructs the assembler to interpret instructions as ARM instructions.

This is the default.

input file specifies the input file for the assembler. Input files must be ARM or
Thumb assembly language source files.
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5.2 Format of source lines
The general form of source linesin an ARM assembly language moduleis:
{synmbol} {instruction|directive| pseudo-instruction} {;conmrent}

All three sections of the source line are optional. Instructions cannot start in the first
column. They must be preceded by white space even if there is no preceding symbol.

You can use blank lines to make your code more readable.

synbol isusualy alabel. See Labels on page 5-27. In instructions and
pseudo-instructionsiit isalways alabel. In some directivesit isasymbol for avariable
or aconstant. Thisis made clear in the description of the directive.

synmbol must begin in the first column and cannot contain any whitespace character
such as a space or atab. See Symbol naming rules on page 5-25.
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5.3 Predefined register and coprocessor names

The following register names and coprocessor hames are predefined by the ARM
assembler. All register and coprocessor names are case-sensitive.

5.3.1 Predeclared register names

The following register names are predecl ared:

. RO- R15

. ro-r15

d al-a4

. v1-v8

. sp andSP
. Ir andLR

. pc andPC
. sl andSL

Note

fp,FP, i p, 1P, sb, andSB are also predeclared. This is for backwards compatibility
only.

5.3.2 Predeclared program status register names

The following program status register names are predeclared:
. cpsr andCPSR
. spsr andSPSR

5.3.3 Predeclared floating-point register names

The following floating-point register names are predeclared:
. fo-f7
e FO-F7

5.3.4 Predeclared coprocessor names

The following coprocessor names and coprocessor register names are predeclared:
. pO-pl15
. c0-cl15
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54 Built-in variables
Table 5-2 lists the built-in variables defined by the ARM assembler.
Built-in variables cannot be set using the SETA, SETL, or SETS directives. They can be
used in expressions or conditions, for example:
I F {ARCHI TECTURE} = "4T"
Table 5-2 Built-in variables

{PC} or. Address of current instruction.

{VAR} or @ Current value of the storage area location counter.

{ TRUE} Logical constant true.

{ FALSE} Logical constant false.

{OPT} Value of the currently-set listing option. The OPT directive can be
used to save the current listing option, force achangein it, or
restore its original value.

{ CONFI G Hasthe value 32 if the assembler isin ARM mode, and the value
16 if it isin Thumb mode.

{ ENDI AN} Hasthe value bi g if the assembler isin big-endian mode, and the
vauel i ttl eifitisinlittle-endian mode.

{ CODESI ZE} Hasthe value 16 if compiling Thumb code. Otherwise, 32.

{ CPU} Has the name of the selected cpu, or generi ¢ ARM if no cpu
has been specified.

{ ARCHI TECTURE} Has the value of the selected ARM architecture:

. 3

. 3M

. 4

. 4T

. 4TxM

{ PCSTOREOFFSET} Is the offset between the address of the
STR pc, [...]
or
STM Rb, {... pc}
instruction and the value of pc stored out. This varies depending
on the CPU and architecture specified.
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55 ARM pseudo-instructions

The ARM assembler supports a number of pseudo-instructions that are translated into
the appropriate combination of ARM or Thumb instructions at assembly time.

The pseudo-instructions availablein ARM state are described in the following sections:
. ADR ARM pseudo-instruction on page 5-12

. ADRL ARM pseudo-instruction on page 5-13

. LDFD ARM pseudo-instruction on page 5-14

. LDFSARM pseudo-instruction on page 5-15

. LDR ARM pseudo-instruction on page 5-16

. NOP ARM pseudo-instruction on page 5-18.

Refer toThumb pseudo-instructions on page 5-19 for information on
pseudo-instructions that are available in Thumb state.
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55.1

ADR ARM pseudo-instruction

The ADR pseudo-instruction loads a program-rel ative or register-relative address into a
register.

Syntax

The syntax of ADRIs:

ADR{ condi ti on} register, expressi on

where:

regi ster istheregister to load.

expressi on
is aprogram-relative or register-relative expression that evaluates to:
. a non word-aligned address within 255 bytes
. a word-aligned address within 1020 bytes.

The address can be either before or after the address of the instruction or
the base register.

SeeRegister-relative and program-rel ative expressions on page 5-89.

Usage

ADR always assembles to one instruction. The assembler attempts to produce a single
ADD or SUB instruction to load the address. If the address cannot be constructed in a
single instruction, an error is generated and the assembly fails.

Use theADRL pseudo-instruction to assemble a wider range of effective addresses.

If expr essi onis program-relative, it must evaluate to an address in the same code area
as theADR pseudo-instruction. Otherwise the address may be out of range after linking.
Example

start MoV r0, #10
ADR r4,start ; => SUB r4, pc, #0xc
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5.5.2 ADRL ARM pseudo-instruction

The ADRL pseudo-instruction loads a program-relative or register-rel ative address into
aregister. It issimilar to the ADR pseudo-instruction. ADRL can load a wider range of
addresses than ADR because it generates two data processing instructions.

Syntax

The syntax of ADRL is:

ADRL{ condi tion} register, expression
where:

regi ster istheregister to load.

expressi on isaregister-relative or program-relative expression that eval uates to:
. a non word-aligned address within 64KB
. a word-aligned address within 256KB.
The address can be either before or after the address of the instruction ol

the base register. SBegister-relative and program-rel ative expressions
on page 5-89.

Usage

ADRL always assembles to two instructions. Even if the address can be reached in a
single instruction, a second, redundant instruction is produced.

If the assembler cannot construct the address in two instructions, it generates an erro
message and the assembly fails. SBR ARM pseudo-instruction on page 5-16 for
information on loading a wider range of addresses. See also Ch8atec Bssembly
Language Programming in theARM Software Devel opment Toolkit User Guide.

If expr essi onis program-relative, it must evaluate to an address in the same code are:
as theADRL pseudo-instruction. Otherwise the address may be out of range after linking

Note
ADRL is not available when assembling Thumb instructions. Use it only in ARM code.

Example

start MOV r0, #10
ADRL r4,start + 60000 ; => ADD r4, pc, #0xe800
ADD r4,r4, #0x254
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5.5.3 LDFD ARM pseudo-instruction
The LDFD pseudo-instruction loads a floating-point register with a double precision
floating-point constant.
Note
You can use LDFDonly if your system has a Floating Point Accelerator, or software that
emulates one.
This section describes the LDFD pseudo-instruction only. Refer to the ARM FPA10 Data
Sheet for information on the LDFD instruction.
Syntax
The syntax of LDFDis:
LDFD{ condi tion} fp-register,=expression
where:
condi tion isanoptiona condition code.
fp-regi ster
is the floating-point register to be loaded.
expressi on
evaluates to afloating-point constant. The assembler places the constant
inaliteral pool and generatesaprogram-relative LDFDinstruction to read
the constant from the literal pool. Two words are used to store the
constant in the literal pool.
The offset from pc to the constant must be less than 4KB. You are
responsible for ensuring that there is aliteral pool within range. See
LTORG directive on page 5-72 for more information.
Usage
The range for double precision numbersis:
. Maximum 1.79769313486231571e+308
. Minimum 2.22507385850720138e—-308.
Example
LDFD f1,=3.12E106 ; loads 3.12E106 into f1
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554 LDFS ARM pseudo-instruction

The LDFS pseudo-instruction loads a floating-point register with a single precision
floating-point constant.

Note

You can use LDFS only if your system has a Floating Point Accelerator, or softwarethat
emulates one.

This section describes the LDFS pseudo-instruction only. Refer to the ARM FPA10 Data
Sheet for information on the LDFS instruction.

Syntax

The syntax of LDFS is:

LDFS{ condi tion} fp-register,=expression
where:

condi ti on isanoptiona condition code.

fp-regi ster
is the floating-point register to be loaded.

expressi on

evaluates to a floating-point constant. The assembler places the constant
in aliteral pool and generates a program-relative LDFS instruction that
reads the constant from the literal pool.

The offset from the pc to the constant must be less than 4KB. You are
responsible for ensuring that thereisaliteral pool within range. See
LTORG directive on page 5-72 for more information.

Usage

Therange for single precision valuesis:
. Maximum 3.40282347e+38F
. Minimum 1.17549435e—38F.

Example

LDFS f1,=3.12E-6 ; loads 3.12E-6 into f1

ARM DUI 0041C
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5.5.5

LDR ARM pseudo-instruction

The LDR pseudo-instruction loads aregister with either:
. a 32-bit constant value
. an address.

Note

This section describes theRr pseudo-instruction only. Refer to th&RM Architectural
Reference Manual for information on thé& DR instruction.

Syntax

The syntax of. DRis:

LDR{ condi tion} register,=[ expression | |abel-expression]
where:

condi ti on is an optional condition code.

regi ster isthe register to be loaded.

expressi on
evaluates to a numeric constant:

. If the value ofexpr essi on is within range of &0v or \VN
instruction, the assembler generates the appropriate instruction.

. If the value ofexpr essi on is not within range of afOv or WN
instruction, the assembler places the constant in a literal pool and
generates a program-relativeR instruction that reads the constant
from the literal pool.

The offset from the pc to the constant must be less than 4KB. You
are responsible for ensuring that there is a literal pool within range.
SeelL TORG directive on page 5-72 for more information.

| abel - expressi on
is a program-relative or external expression. The assembler places the
value of/ abel - expr essi on in a literal pool and generates a
program-relative. DR instruction that loads the value from the literal
pool.

The offset from the pc to the value in the literal pool must be less than
4KB. You are responsible for ensuring that there is a literal pool within
range. Se€TORG directive on page 5-72 for more information.
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If I abel - expressi on isan external expression, or isnot contained in
the current area, the assembler places alinker relocation directive in the
object file. Thelinker ensuresthat the correct addressis generated at link
time,

Usage
The LDR pseudo-instruction is used for two main purposes:

. to generate literal constants when an immediate value cannot be moved into a
register because it is out of range of Mo andMvN instructions.

. to load a program-relative or external address into a register. The address remain
valid regardless of where the linker places the AOF area containin@fhe

Refer to Chapter Basic Assembly Language Programming in the ARM Software
Devel opment Toolkit User Guidefor a more detailed explanation of how to upg, and
for more information ooV andMvN.

Example

LDR rl, =Oxfff ; loads Oxfff intorl
LDR r2, =pl ace ; |l oads the address of
place into r2

ARM DUI 0041C
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5.5.6 NOP ARM pseudo-instruction
NOP generates the preferred ARM no-operation code. Thisis:

MOV r0,r0

Syntax
The syntax of NOP is:
NOP

Usage

NOP cannot be used conditionally. Not executing ano-operation isthe same as executing
it, so conditional execution is not required.

Condition codes are unaltered by NOP.
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5.6 Thumb pseudo-instructions

The ARM assembler supports a number of pseudo-instructions that are translated into
the appropriate combination of ARM or Thumb instructions at assembly time.

The pseudo-instructions that are available in Thumb state are in the following sections:
. ADR Thumb pseudo-instruction on page 5-20
. LDR Thumb pseudo-instruction on page 5-21
. MOV Thumb pseudo-instruction on page 5-23
. NOP Thumb pseudo-instruction on page 5-24.

Refer toARM pseudo-instructions on page 5-11 for information on pseudo-instructions
that are available in ARM state.
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5.6.1 ADR Thumb pseudo-instruction
The ADR pseudo-instruction loads a program-rel ative or register-relative address into a
register.
Syntax
The syntax of ADRIs:
ADR regi ster, expression
where:
regi ster istheregister to load.

expressi on

is aregister-relative or program-relative expression that evaluatesto a
word-aligned address within the range +4 to +1020 bytes. expr essi on
must be defined locally, it cannot be imported.

Refer to  or MAP directive on page 5-35 for more information on
register-relative expressions.

Usage

In Thumb state, ADR can generate word-aligned addresses only. Usethe ALl GNdirective
to ensure that expr essi on isaigned.

If expr essi onisprogram-relative, it must eval uate to an addressin the same code area
as the ADR pseudo-instruction. There is no guarantee that the address will be within
range after linking if it resides in another AOF area.

Example

ADR r4,txanpl ; => ADD r4, pc, #nn
;. code
ALI GN

txanmpl  DCW 0,0,0,0
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5.6.2 LDR Thumb pseudo-instruction

The LDR pseudo-instruction loads alow register with either:
. a 32-bit constant value
. an address.

— Note

This section describes ther pseudo-instruction only. Refer to th&RM Architectural
Reference Manual for information on thé.DR instruction.

Syntax

The syntax of.DRis:

LDR regi ster, =[expression | |abel-expression]

where:

regi ster isthe register to be loadadR can access the low registers (r0-r7) only.

expressi on
evaluates to a numeric constant:

. If the value ofexpr essi on is within range of &0V instruction,
the assembler generates the instruction.

. If the value ofexpr essi on is not within range of aMov
instruction, the assembler places the constant in a literal pool and
generates a program-relativeR instruction that reads the constant
from the literal pool.

The offset from the pc to the constant must be positive and less than
1KB. You are responsible for ensuring that there is a literal pool
within range. SeeTORG directive on page 5-72 for more
information.

| abel - expressi on
is a program-relative or external expression. The assembler places the
value of/ abel - expressi on in a literal pool and generates a
program-relative. DR instruction that loads the value from the literal
pool.

The offset from the pc to the value in the literal pool must be positive and
less than 1KB. You are responsible for ensuring that there is a literal pool
within range. SeeTORG directive on page 5-72 for more information.
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If I abel - expressi on isan external expression, or isnot contained in
the current area, the assembler places alinker relocation directive in the
object file. Thelinker ensuresthat the correct addressis generated at link
time,

Usage
The LDR pseudo-instruction is used for two main purposes:

. to generate literal constants when an immediate value cannot be moved into a
register because it is out of range of M¥ instruction.

. to load a program-relative or external address into a register. The address remains
valid regardless of where the linker places the AOF area containin@he

Refer to Chapter Basic Assembly Language Programming in the ARM Software
Devel opment Tool kit User Guide for a more detailed explanation of how to usg, and
for more information omoV.

Example

LDR rl, =Oxfff ; loads Oxfff intorl
LDR r2, =label nane ; |oads the address of
| abel nane into r2

5-22
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5.6.3 MOV Thumb pseudo-instruction

The Thumb MOV pseudo-instruction moves the value of alow register to another low
register (rO-r7).

The Thumb MOV instruction cannot move values from one low register to another.

Note

The ADD immediate instruction generated by the assembler has the side-effect of
updating the condition codes.

Syntax

The syntax of MOV is:

MOV Rd, Rs

where:

Rd is the destination register.
Rs is the source register.
Usage

The MOV pseudo-instruction uses an ADD immediate instruction with a zero immediate
value.

Refer to the ARM Architectural Reference Manual for more information on the Thumb
MOV instruction.
Example

MV Rd, Rs ; generates the opcode for ADD Rd, Rs, #0
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5.6.4 NOP Thumb pseudo-instruction
NOP generates the preferred Thumb no-operation instruction. Thisis:

MOV r8,r8

Syntax
The syntax for NOP is:
NOP

Usage

Condition codes are unaltered by NOP.
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You can use symbolsto represent variabl es, addresses, and numeric constants. Symbols
representing addresses are also called labels. See:

Variables on page 5-26
Numeric constants on page 5-29
Labels on page 5-27.

5.7.1 Symbol naming rules

The following general rules apply to symbol names:

You can use uppercase letters, lowercase letters, numeric characters, or the
underscore character in symbol names.

Do not use numeric characters for the first character of symbol names, except in
local labels. Sekocal labels on page 5-28.

Symbol hames are case-sensitive.
All characters in the symbol name are significant.
Symbol names must be unique within their scope.

Symbols must not use built-in variable names or predefined symbol names. See
Predefined register and coprocessor names on page 5-9 anBuilt-in variableson
page 5-10.

Symbols should not use the same name as instruction mnemonics or directives.
The assembler can distinguish between them through their relative positions on
the input line but it makes the code difficult to read.

If you need to use a wider range of characters in symbols, for example, when working
with compilers, use enclosing bars to delimit the symbol name. For example:

| C$$code|

The bars are not part of the symbol. You cannot use bars, semicolons, or newlines eve
within the bars.

ARM DUI 0041C
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5.7.2

Variables

The value of avariable can be changed as assembly proceeds. Variables are of three
types:

. numeric

. logical

. string.

The type of a variable cannot be changed.

The range of possible values of a numeric variable is the same as the range of possible
values of a numeric constant or numeric expressionNSeeric constants on page
5-29 and\umeric expressions on page 5-89.

The range of possible values of a logical variab{erRUE} or { FALSE} . Seelogical
expressions on page 5-90.

The range of possible values of a string variable is the same as the range of values of a
string expression. Sesring expressions on page 5-88.

Use theGBLA, GBLL, GBLS, LCLA, LCLL, andLCLS directives to declare symbols
representing variables, and assign values to them usiiSETAe SETL, andSETS
directives. See:

. GBLA directive on page 5-60
. GBLL directive on page 5-61
. GBLSdirective on page 5-62
. LCLA directive on page 5-69
. LCLL directive on page 5-70
. LCLSdirective on page 5-71
. SETA directive on page 5-82
. SETL directive on page 5-83
. SETSdirective on page 5-84.
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5.7.3 Assembly time substitution of variables

5.7.4 Labels

You can use astring variable for awholeline of assembly language, or any part of aline.
Usethevariable with a$ prefix in the places where the value is to be substituted for the
variable. The dollar character instructs the assembler to substitute the string into the
source code line before checking the syntax of the line.

Use a dot to mark the end of the variable name if the following character would be
permissiblein asymbol name. See Symbol naming rules on page 5-25. You must set the
contents of the variable before you can use it.

Example
add4ff  SETS " ADD rd4,r4, #OxFF" ; set up add4ff
; (note the | eading space)
$add4f f. 00 ;i nvoke add4ff,
; produci ng
ADD r4,r4, #0xFF00

L abels are symbols representing the addresses in memory of instructions or data. They
may be program-relative, register-relative, or absolute:

Program-relative labels
These represent the program counter plus or minus a numeric constant.
Use them as targets for branch instructions, or to access small items of
data embedded in code areas. You can define program-rel ative labels
using alabel on aninstruction or on one of the Define Constant directives.
See:
. DCB or = directive on page 5-46
. DCD or & directive on page 5-47
. DCDU directive on page 5-48
. DCFD directive on page 5-49
. DCFDU directive on page 5-50
. DCFSdirective on page 5-51
. DCFSU directive on page 5-52
. DCW directive on page 5-53
. DCWU directive on page 5-54.
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Register-relative labels
These represent anamed register plus anumeric constant. They are most
often used to access data in data areas. You can define them with any of
the Define Constant directives, the BASED Rn attribute of the AREA
directive, or with a storage map. See:
. ~or MAP directive on page 5-35
. % directive on page 5-32
. AREA directive on page 5-38.

Absolute addresses

These are numeric constants. They are integers in the rangézelo 2
They address the memory directly. The most common uses of absolute
addresses are in exception handling routines and for accessing
memory-mapped I/O ports.

5.7.5 Local labels

A local label is a number in the range 0-99, optionally followed by a name. The same
number can be used for more than one local label in an AOF area.

Local labels are used for instructions that are the target for branches. You cannot use
them for data. Typically they are used for loops and conditional code within a routine,
or for small subroutines that are only used locally. They are particularly useful in
macros. Se®ACRO directive on page 5-73.

Use theROUT directive to limit the scope of local labels. J¥UT directive on page

5-81. A reference to a local label refers to a matching label within the same scope. If
there is no matching label within the scope in either direction, the assembler generates
an error message and the assembly fails.

You can use the same number for more than one local label even within the same scope.
By default, the assembler links a reference to a local label:

. to the most recent local label of the same number, if there is one within the scope

. to the next following local label of the same number, if there is not one within the
scope.

Use the optional parameters to modify this search pattern if required.

Syntax
The syntax of a local label is:

n{ r out nane}
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The syntax of areferenceto alocal label is:

9% F| B} { Al T} n{ r out nane}

where:

n is the number of the local label.

rout name  isthe name of the current scope.

% introduces the reference.

F instructs the assembl er to search forwards only.

B instructs the assembl er to search backwards only.

A instructs the assembl er to search all macro levels.

T instructs the assembl er to look at this macro level only.

If neither F or B is specified, the assembler searches backwards first, then forwards.

If neither A or T is specified, the assembler searches al macros from the current level to
the top level, but does not search lower level macros.

If r out nane isspecified in either alabel or areferenceto alabel, the assembler checks
it against the name of the nearest preceding ROUT directive. If it does not match, the
assembl er generates an error message and the assembly fails.

5.7.6 Numeric constants

Numeric constants are 32-bit integers. You can set them using unsigned numbersin the
range O to 2%2_1, or signed numbers in the rangél—t@ 2%-1. However, the assembler

makes no distinction between and 2?— n. Relational operators such as >= use the
unsigned interpretation. This means that 0 > {Fis& SE} .

Use theEQU directive to define constants. S8@U or * directive on page 5-57. You
cannot change the value of a numeric constant after you define it.
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5.8 Directives

The assembler provides directives to support:

. data structure definitions and allocation of space for data

. partitioning of files into logical subdivisions

. error reporting and control of assembly listing

. definition of symbols

. conditional and repetitive assembly, and inclusion of subsidiary files.

See Table 5-1 on page 5-2 to locate individual directives within this section. The

directives are described in the following sections in alphabetical order.
5.8.1 Nesting directives

MACRO definitions,WHI LE. . . WEND loops,| F. . . ENDI F conditions andET or
I NCLUDE directives can be nested within themselves or within each other to a total
depth of 256.

5.8.2 ! directive

SeelNFO or ! directive on page 5-67.
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The # directive describes space within a storage map that has been defined using the?
directive.

Syntax

The syntax of # is:
{label} # expression
where:

I abel isan optional label. If specified, / abel isassigned the value of the
storage location counter, @. The storage location counter is then
incremented by the value of expr essi on.

expressi on

is an expression that evaluates to the number of bytesto increment the
storage counter.

Usage

If astorage map isset by a” directive that specifies a base-register, the base register is
implicitin all labels defined by following # directives, until the next~ directive. These
register-relative labels can be quoted in load and store instructions. Refer to ~ or MAP
directive on page 5-35.

— Note

You must be careful when using », #, and register-relative labels. Refer to Chapter 5
Basic Assembly Language Programming in the ARM Software Devel opment Tool kit
User Guide for more information.

Example

Thefollowing example shows how register-rel ative label s are defined using the and #
directives.

n 0,r9 ; set @to the address stored inr9
# 4 ; increnent @by 4 bytes
Lab # 4 ; set Lab to the address [r9 + 4]
; and then increment @by 4 bytes
LDR r0, Lab ; equivalent to LDR rO,[r9, #4]
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5.8.4

5.8.5

5.8.6

% directive

& directive

* directive

The %directive reserves a zeroed block of memory.

Syntax

The syntax of % is:

{l abel} % nuneric-expression
where:

numeri c- expressi on
evaluates to the number of zeroed bytes to reserve.

Usage

You must use a DATA directive if you use %to define labeled data within Thumb code.
Refer to DATA directive on page 5-45 for more information.

Use the ALI GN directive to align any code following a%directive. Refer to ALIGN
directive on page 5-36 for more information.

See also:

. DCB or = directive on page 5-46
. DCW directive on page 5-53

. DCD or & directive on page 5-47
. DCWU directive on page 5-54

. DCDU directive on page 5-48.

Example

AREA MyDat a, DATA, READVWRI TE
dat al % 255 ; defines 255 bytes of zeroed store

SeeDCD or & directive on page 5-47.

SeeEQU or * directive on page 5-57.
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5.8.8

=directive

Assembler

See DCB or = directive on page 5-46.

[ or IF directive

The | F directive introduces a condition that is used to decide whether to assemble a
sequence of instructions and/or directives. [ and | F are synonyms.

Syntax

The syntax of | Fis:

I'F logical -expression

{ ELSE

-}
ENDI F
where:

| ogi cal - expressi on
is an expression that evaluates to either { TRUE} or { FALSE} .

See Relational operators on page 5-92.

Usage

Use | F with ENDI F, and optionally with ELSE, for sequences of instructions and/or
directivesthat are only to be assembled or acted on under aspecified condition. Seeaso
| or ELSE directive on page 5-34 and ] or ENDIF directive on page 5-34.

I F. .. ENDI F conditions can be nested. See Nesting directives on page 5-30.

Example
[ Version = "1.0" N I =
;. code and/ or
; directives
I . ELSE

; code and/ or
; directives

] . ENDIF
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5.8.9 | or ELSE directive
The EL SE directive marks the beginning of a sequence of instructions and/or directives
that are to be assembled if the preceding condition fails. | and ELSE are synonyms.
Syntax
The syntax of ELSE is:

ELSE

Usage

See|[ or IF directive on page 5-33.

5.8.10 ] or ENDIF directive
The ENDI F directive marks the end of a sequence of instructions and/or directives that
are to be conditionally assembled. ] and ENDI F are synonyms.
Syntax
The syntax of ENDI Fis:

ENDI F

Usage

See|[ or IF directive on page 5-33.
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5.8.11 ~ or MAP directive

The” directive setsthe origin of a storage map to a specified address. The storage-map
location counter, @, is set to the same address. MAP is a synonym for ~.

Syntax

The syntax of ~ is:

N expression{, base-regi ster}
where:

expressi on
isanumeric or program-relative expression:

. If base-regi st er is not specifiedexpr essi on evaluates to the
address where the storage map starts. The storage map location
counter is set to this address.

. If the expression is program-relative, you must have defined the
label before you use it in the map. The map requires the definition
of the label during the first pass of the assembler.

base-regi ster
specifies a register. Hase- r egi st er is specified, the address where
the storage map starts is the sunexygr essi on, and the value in
base-regi st er at runtime.

Usage
Use ther directive in combination with the directive to describe a storage map.

Specifybase- r egi st er to define register-relative labels. The base register becomes
implicit in all labels defined by following directives, until the next directive. The
register-relative labels can be used in load and store instructions. Refaredive on

page 5-31 for an example.

The~ directive can be used any number of times to define multiple storage maps.

The @ counter is set to zero before the firdirective is used.

Examples
n 0,r3
n Oxff,r3
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5.8.12

ALIGN directive

By default, the ALI GN directive aligns the current location within the code to aword
(4-byte) boundary.

Syntax

The syntax of ALI GNiis:

ALl CN { expressi on{, of fset - expressi on}}
where:

expressi on

can be any power of 2 from 2° to 23 The current location is aligned to

the next 2"-byte boundary. If this parameter is not specified, ALI GN sets
the instruction location to the next word boundary.

of fset - expressi on
defines a byte offset from the alignment specified by expr essi on.

Usage

Use ALI GN'to ensure that your codeis correctly aligned. Asagenera ruleit is safer to
use ALI GN frequently through your code.

Use ALI GN to ensure that Thumb addresses are word aligned when required. For
example, the ADR Thumb pseudo-instruction can only load addresses that are word
aligned.

Use ALI GN'when data definition directives appear in code areas. When data definition
directives (DCB, DCW DCWJ, DCDU and %9 are used in code areas, the program counter
does not necessarily point to aword boundary. When the assembler encounters the next
instruction mnemonic it inserts up to 3 bytes, if required, to ensure that the instruction
is:

. word aligned in ARM state
. halfword aligned in Thumb state.

In this case, a label that appears on a source line by itself does not address the following
instruction. Usé\LI GN'to ensure that the label addresses the following instruction. You
can useiL| GN 2 to align on a halfword (2-byte) boundary in Thumb code.

UseALI GNwith a coarser setting to take advantage of caches on some ARM processors.
For example, the ARM940T has a cache with 4-word linesAUseN 16 to align
function entries on 16-byte boundaries and maximize the efficiency of the cache.
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Alignment isrelative to the start of the AOF areawheretheroutineislocated. You must
ensure that the areais also aligned to the same, or coarser, boundaries. The ALI GN
attribute on the AREA directiveis specified differently. See AREA directive on page 5-38
and the example bel ow.

Examples
AREA Exanpl e, CODE, READONLY
start LDR r6, =l abel 1
DCB 1 ; pc msaligned
ALl GN ; ensures that | abel 1 addresses
| abel 1 ; the follow ng instruction.
MOV r 5, #0x5

AREA cacheabl e, CODE, ALIG\=4

routl ; code ; aligned on 16-byte boundary
code
MoV pc,Ir ; aligned only on 4-byte boundary
ALIGN 16 ; now aligned on 16-byte boundary

rout 2 ;. code
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5.8.13 AREA directive
The AREA directive instructs the assembl er to assemble anew code or data area. Areas
are independent, named, indivisible chunks of code or data that are manipulated by the
linker. Refer to Chapter 5 Basic Assembly Language Programming and Chapter 6
Linker in the ARM Software Devel opment Toolkit Reference Guide for more
information.
Syntax
The syntax of the AREA directiveis:
AREA nane{, attr}{, attr}...
where:
name isthe name that the areais to be given.
You can choose any name for your areas. However, names starting with a
digit must be enclosed in bars or a missing areaname error is generated.
For example, | 1_Dat aAr ea| .
Certain names are conventional. For example, | C$$code| isused for
code areas produced by the C compiler, or for code areas otherwise
associated with the C library.
attr are one or more comma-delimited area attributes. Valid attributes are:
ALl GN=expressi on
By default, AOF areas are aligned on a 4-byte boundary.
expr essi on can have any integer value between 2 and 31.
The areais aligned on a 22%"eS0N_pyte houndary. For
example, if expressionis 10, the areais aligned on a 1KB
boundary.
CODE Contains machine instructions. READONLY is the default.
COVMDEF  Isacommon areadefinition. This AOF areamay contain code
or data. It must beidentical to any other area of the same name
in other source files.
Identical AOF areas with the same name are overlaid in the
same area of memory by the linker. If any are different, the
linker generates awarning and does not overlay the areas.
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COMMON  |sacommon data area. You must not define any code or data
init. Itisinitialized to zeroes by the linker. All common areas
with the same name are overlaid in the same area of memory
by the linker. They do not all need to be the same size. The
linker allocates as much space as is required by the largest
common area of each name.

DATA Contains data, not instructions. READWRI TE is the default.

| NTERWORK

Indicates that the code areais suitable for ARM/Thumb
interworking.

NO NI T Indicates that the data areaisinitialized to zero. It contains
only space reservation directives, with no initialized values.

PIC Indicates position-independent code. It can execute at any
address without modification.

READONLY
Indicates that this area should not be written to.

READVWRI TE
Indicates that this area may be read from and written to.

Usage
There must be at |east one AREA directive for an assembly.

Use the AREA directive to subdivide your source fileinto AOF areas. You must use a
different name for each area within the same source file.

You should normally use separate AOF areas for code and data. L arge programs can
usually be conveniently divided into several code areas. Largeindependent datasetsare
also usually best placed in separate areas.

The scope of local labelsis defined by AOF areas, optionally subdivided by ROUT
directives. See Local labels on page 5-28 and ROUT directive on page 5-81.

If no AREA directive is specified, the assembler generates an AOF area with the name
| $$$$$$$| , and produces a diagnostic message. This limits the number of error
messages caused by the missing directive, but does not lead to a successful assembly.
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Example
The following example defines aread-only code area named Example.
AREA Exanpl e, CODE, READONLY ; An exanpl e code area.
code
5.8.14 ASSERT directive
The ASSERT directive generates an error message during the second pass of the
assembly if agiven assertionisfalse.
Syntax
The syntax of ASSERT is:
ASSERT | ogi cal - expressi on
where:
I ogi cal - expressi on
is an assertion that can evaluate to either { TRUE} or { FALSE} .
Usage
Use ASSERT to ensure that any necessary condition is met during assembly.
If the assertion is false an error message is generated and assembly fails.

See also INFO or ! directive on page 5-67.

Example

ASSERT | abel 1 <= | abel 2 ; Tests if the address
; represented by |abell
;1S <= the address
; represented by | abel 2.
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5.8.15 CN directive

The CN directive defines a name for a coprocessor register.

Syntax

The syntax of CNis:

name CN nunmeri c-expressi on

where:

name is the name to be defined for the coprocessor register.

numeri c- expressi on
evaluates to a coprocessor register number from 0 to 15.

Usage

Use CNto allocate convenient namesto registers, to help you to remember what you use
each register for. Be careful to avoid conflicting uses of the same register under different
names.

The names c0 to c15 are predefined.

Example

power CN 6 ; defines power as a synbol for
; coprocessor register 6
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5.8.16 CODE16 directive
The CODE16 directive instructs the assembler to interpret subsequent instructions as
16-bit Thumb instructions.
Syntax
The syntax of CODE16 is:
CCODE16

Usage

Use CODE16 when branching to Thumb state with the BX instruction. CODE16 precedes
code at the destination of the branch.

The assembler inserts a byte of padding, if necessary, to bring following Thumb code
into halfword alignment. CODE16 does not assemble to an instruction that changes the
mode. It only instructs the assembler to assemble Thumb instructions.

See also CODE32 directive on page 5-43.

Example

This example shows how CODE16 can be used to branch from ARM to Thumb
instructions.

AREA ThumbEx, CODE, READONLY

; This area starts in ARM state
ADR rO,start+1 ; Load the address and set the
; least significant bit

BX ro ; Branch and exchange
; instruction sets
; Not necessarily in the sane area
CCODE16 ; Following instructions are Thunb
start MOV ril, #10 ; Thunb instructions
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5.8.17 CODE32 directive
The CODE32 directive instructs the assembler to interpret subsequent instructions as
32-bit ARM instructions.
Syntax
The syntax of CODE32 is:
CODE32

Usage

Use CODE32 to when branchingto ARM state from Thumb state. CODE32 precedes code
at the destination of the branch.

The assembler inserts up to three bytes of padding, if necessary, to bring following
ARM code into word alignment. CODE32 does not assemble to an instruction that
changes the mode. It only instructs the assembler to assemble ARM instructions.

See also CODE16 directive on page 5-42.

Example

CCDE16 ; Start this area in Thunb state

AREA ThunbEx, CODE, READONLY

MoV rl, #10 ; Thunb instructions

ADR ro, goarm ; Load the address and | eave the
; least significant bit clear.

BX ro ; Branch and exchange instruction
; sets

; Not necessarily in the same area
CODE32 ; Following instructions are ARM
goarm MV r4, #15 ; ARMinstructions
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5.8.18

CP directive

The CP directive defines a name for a specified coprocessor. The coprocessor number
must be within the range 0 to 15.

Syntax

The syntax of CPis:

name CP nuneri c-expressi on

where:

name is the name to be assigned to the coprocessor. nane cannot be the same
as any of the predefined names listed in Predefined register and
COprocessor names on page 5-9.

numeri c- expressi on
evaluates to a coprocessor number from 0 to 15.

Usage

Use CP to all ocate convenient namesto coprocessors, to help you to remember what you
use each one for. Be careful to avoid conflicting uses of the same coprocessor under
different names.

The names p0 to p15 are predefined for coprocessors O to 15.

Example

drmu CP 6 ; defines dnu as a synbol for
; coprocessor 6
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5.8.19 DATA directive

The DATA directive informs the assembler that alabel is a data-in-code label. This
means that the label is the address of data within a code segment.

Syntax

The syntax of DATAs:

| abel DATA

where:

| abel isthelabel of the datadefinition. The DATA directive must be on the same
lineas/ abel .

Usage

You must use the DATA directive when you define data in a Thumb code areawith any
of the data-defining directives such as DCD, DCB, and DCW

When the linker relocates alabel in a Thumb code area, it assumes that the label
represents the address of a Thumb routine. The linker adds 1 to the value of the label so
that the processor is switched to Thumb state if the routine is called with a BX
instruction.

If alabel represents the address of datawithin a Thumb code area, you do not want the
linker to add 1 to thelabel. The DATA directive marksthelabel aspointing to datawithin
a code area and the linker does not add 1 to its value.

You can use DATA to mark data-in-code in ARM code areas. The DATA directiveis
ignored by the assembler in ARM code areas.

Example

AREA exanpl e, CODE
Thunb_fn ;. code

;. code

MOV pc, Ir

Thunb_Data DATA
DCB 1, 3, 4

ARM DUI 0041C

Copyright © 1997 and 1998 ARM Limited. All rights reserved. 5-45



Assembler

5.8.20

DCB or = directive

The DCB directive allocates one or more bytes of memory, and definestheinitial runtime
contents of the memory. = is a synonym for DCB.

Syntax

The syntax of DCBis:

{I/ abel} DCB expression{, expression}...
where:

expressi on
is either:
. A numeric expression that evaluates to an integer in the range —128
to 255. Se@&lumeric expressions on page 5-89.

. A quoted string. The characters of the string are loaded into
consecutive bytes of store.

Usage

You must use theDATA directive if you us@®CB to define labeled data within Thumb
code. Refer t®ATA directive on page 5-45 for more information.

If DCB is followed by an instruction, use anl GNdirective to ensure that the instruction
is aligned. Refer t&\LIGN directive on page 5-36 for more information.

See also:

. DCW directive on page 5-53

. DCD or & directive on page 5-47
. DCWU directive on page 5-54

. DCDU directive on page 5-48

. % directive on page 5-32

Example

Unlike C strings, ARM assembler strings are not null-terminated. You can construct a
null-terminated C string usingCB as follows:

C string DCB "C_string",0
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5.8.21 DCD or & directive

The DCD directive allocates one or more words of memory, aligned on 4-byte
boundaries, and defines the initial runtime contents of the memory. & isa synonym for
DCD.

Syntax

The syntax of DCDis:

{I abel} DCD expression{, expressi on}
where:

expressi on
is either:
. A numeric expression. Sé&umeric expressions on page 5-89.
. A program-relative expression.

Usage

You must use theDATA directive if you us@®CD to define labeled data within Thumb
code. Refer t®ATA directive on page 5-45 for more information.

DCD inserts up to 3 bytes of padding before the first defined word, if necessary, to
achieve 4-byte alignment. UBeDU if you do not require alignment.

See also:

. DCB or = directive on page 5-46
. DCW directive on page 5-53

. DCWU directive on page 5-54

. DCDU directive on page 5-48

. % directive on page 5-32

Example
datal DCD 1,5, 20 ; Defines 3 words containing
; decimal values 1, 5, and 20
dat a2 DCD menD6 ; Defines 1 word containing the
; address of the | abel nmenD6
dat a3 DCD gb+ 4 ; Defines 1 word containing

4 + the value of glb
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5.8.22

DCDU directive

The DCDU directive allocates one or more words of memory, not necessarily aligned, and
defines the initial runtime contents of the memory.

Syntax

The syntax of DCDU is:

{I abel} DCDU expression{, expression}. ..
where:

expressi on
is either:
. A numeric expression. Sé&imeric expressions on page 5-89.
. A program-relative expression.

Usage
UseDCDU to define data words with arbitrary alignment.

You must use theDATA directive if you us@CDU to define labeled data within Thumb
code. Refer tATA directive on page 5-45 for more information.

If DCDU is followed by code, use &l GN directive to ensure that the instructions are
word aligned. Refer tALIGN directive on page 5-36 for more information.

DCDU does not insert padding when preceding code is unaligne@®dDskyou require
alignment.

See also:

. DCB or = directive on page 5-46
. DCW directive on page 5-53

. DCD or & directive on page 5-47
. DCWU directive on page 5-54

. % directive on page 5-32

Example

AREA MyDat a, DATA, READVWRI TE
DCB 255 ; Now misaligned ...
dat al DCDU 1,5, 20 ; Defines 3 words containing
; 1, 5 and 20, not word aligned
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5.8.23 DCFD directive

The DCFD directive allocates memory for word-aligned doubl e precision floating-point
numbers, and defines theinitial runtime contents of the memory. Double precision
numbers occupy two words and must be word aligned to be used in arithmetic
operations.

Syntax
The syntax of DCFDis:
{l abel} DCFD fp-constant{, fp-constant}...

where:

f p- const ant
isadouble precision floating-point value in one of the following forms:
{-}digits E{-}digits
{-}{digits}.digits{E{-}digits}
E may also be written in lowercase.

Usage

The assembler inserts up to three bytes of padding before the first defined number, if
necessary, to achieve 4-byte alignment. Use DCFDU if you do not require alignment.

The range for double precision numbersis:
. Maximum 1.79769313486231571e+308
. Minimum 2.22507385850720138e—-308

Examples

DCFD 1E308, - 4E- 100
DCFD 10000, -. 1, 3. 1E26
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5.8.24 DCFDU directive

The DCFDU directive alocates eight bytes of memory for arbitrarily aligned double
precision floating-point numbers, and defines the initial runtime contents of the
memory.

Syntax

The syntax of DCFDU is:

{l abel} DCFDU fp-constant{, fp-constant}...

where:

f p- const ant
isadouble precision floating-point value in one of the following forms:
{-}digits E{-}digits
{-Ydigits}.digits{E{-}digits}
E may also be written in lowercase.

Usage
DCFDU defines floating-point values with arbitrary alignment.

The range for double precision numbersis:
. Maximum 1.79769313486231571e+308
. Minimum 2.22507385850720138e—-308

Examples

DCFDU  1E308, - 4E- 100
DCFDU 100, -.1, 3. 1E26
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5.8.25 DCFS directive

The DCFS directive allocates memory for word-aligned single precision floating-point
numbers, and defines the initial runtime contents of the memory. Single precision
numbers occupy oneword and must beword aligned to be used in arithmetic operations.

Syntax

The syntax of DCFS is:

{l abel} DCFS fp-constant{, fp-constant}...
where:

f p- const ant
isasingle precision floating-point value in one of the following forms:
{-}digits E{-}digits
{-}{digits}.digits{E{-}digits}
E may also be written in lowercase.

Usage

DCFS inserts up to three bytes of padding before the first defined number, if necessary
to achieve 4-byte alignment. Use DCFSU if you do not require alignment.

Therange for single precision valuesis:
. Maximum 3.40282347e+38F
. Minimum 1.17549435e—38F

Example

DCFS 1E3, -4E-9
DCFS 1.0,-.1,3.1E6
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5.8.26 DCFSU directive
The DCFSU directive allocates memory for arbitrarily aligned single precision
floating-point numbers, and defines the initial runtime contents of the memory.
Syntax
The syntax of DCFSUIis:
{I abel} DCFSU fp-constant{, fp-constant}...
where:

f p- const ant
isasingle precision floating-point value in one of the following forms:
{-}digits E{-}digits
{-Ydigits}.digits{E{-}digits}
E may also be written in lowercase.

Usage
Use DCFSU to define floating-point values with arbitrary alignment.

DCFSU does not insert padding when preceding code is unaligned. Use DCFS if you
require alignment.

Therange for single precision valuesis:
. Maximum 3.40282347e+38F
. Minimum 1.17549435e-38F

Example

DCFSU  1E3, -4E-9
DCFSU 1.0,-.1,3.1E6
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5.8.27 DCW directive

The DCwdirective allocates one or more halfwords of memory, aligned on 2-byte
boundaries, and defines the initial runtime contents of the memory.

Syntax

The syntax of DCWis:

{I abel} DCW expression{, expression}. ..
where:

expressi on

is a numeric expression that evaluates to an integer in the range —32768
to 65535. Sedlumeric expressions on page 5-89.

Usage

Youmust use eDATA directive if you us®Cwto define labeled data within Thumb code.
Refer toDATA directive on page 5-45 for more information.

If DCWis followed by an instruction, use anl GNdirective to ensure that the instruction
is word aligned. Refer tALIGN directive on page 5-36 for more information.

DCWinserts a byte of padding before the first defined halfword if necessary to achieve
2-byte alignment. UseCWJ if you do not require alignment.

See also:

. DCB or = directive on page 5-46
. DCD or & directive on page 5-47
. DCWU directive on page 5-54

. DCDU directive on page 5-48

. % directive on page 5-32

Example
AREA M scDat a, DATA, READWRI TE

dat a DCW - 225, 2*nunber ; nunber rnust al ready be
DCW nunber +4 ; defined
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5.8.28

DCWU directive

The DCWU directive all ocates one or more unaligned halfwords of memory, and defines
theinitial runtime contents of the memory.

Syntax

The syntax of DCWJ is:

{I abel} DCWJ expression{, expression}. ..
where:

expressi on

is a numeric expression that evaluates to an integer in the range —32768
to 65535. Sedlumeric expressions on page 5-89.

Usage

UseDCWUJ to define data halfwords with arbitrary alignment, in packed structures for
example.

You must use aDATA directive if you us@®CWJ to define labeled data within Thumb
code. Refer tdATA directive on page 5-45 for more information.

If DCWU is followed by code, use @nl GN directive to ensure that instructions are word
aligned. Refer t\LIGN directive on page 5-36 for more information.

DCWJ does not insert padding when preceding code is unaligne@éfeyou require
alignment.

See also:

. DCB or = directive on page 5-46
. DCW directive on page 5-53

. DCD or & directive on page 5-47
. DCDU directive on page 5-48

. % directive on page 5-32

Example

AREA Dat aB2, DATA, READVRI TE
oddbits DCB 1,2,3 ; now not word aligned
DCWUJ nunber, - 255, 4 ; these will each occupy two
; bytes, but not necessarily
; aligned
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5.8.29 ELSE directive

See | or ELSE directive on page 5-34

5.8.30 END directive

The END directive informs the assembler that it has reached the end of a sourcefile.

Syntax
The syntax of ENDIs:

END

Usage
Every assembly language source file must end with END on aline by itself.

If the source file has been included in a parent file by a GET directive, the assembler
returns to the parent file and continues assembly at the first line following the GET
directive. See GET or INCLUDE directive on page 5-63 for more information.

If ENDisreached inthetop-level sourcefile during thefirst pass without any errors, the
second pass begins.

If ENDisreached in the top-level source file during the second pass, the assembler
finishes the assembly and writes the appropriate output.

5.8.31 ENDIF directive

See] or ENDIF directive on page 5-34
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5.8.32 ENTRY directive
The ENTRY directive declaresits offset in its containing AOF areato be the unique entry
point to any program containing the area.
Syntax
The syntax of ENTRY is:
ENTRY
Usage
You must specify one and only one ENTRY directive for a program. If ENTRY does not
exist, or if morethan one ENTRY exists, aerror messageisgenerated at link time. If more
than one ENTRY existsin asingle sourcefile, an error message is generated at assembly
time.
For applications written entirely or partially in C or C++, the entry point is frequently
located in the library code.
Example
AREA ARMex, CODE, READONLY
ENTRY ; Entry point for the application
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5.8.33 EQU or * directive

The EQUdirective gives asymbolic nameto anumeric constant. * isa synonym for EQU.

Syntax

The syntax of EQUis:

name EQU expression

where:

name is the symbolic name to assign to the value.

expressi on
isafixed, register-relative, or program-relative value.

Usage

Use EQUto define constants. Thisis similar to the use of #def i ne to define a constant
inC.

See also:

. ~or MAP directive on page 5-35

. # directive on page 5-31

. Symbols on page 5-25

. Register-relative and program-relative expressions on page 5-89.

Example

num EQU 2 ; assigns the value 2 to the synbol num
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5.8.34

EXPORT or GLOBAL directive

The EXPORT directive declaresasymbol that can be used by thelinker to resolve symbol
references in separate object and library files. GLOBAL is asynonym for EXPORT.

Syntax

The syntax of EXPORT is:

EXPORT symbol {[qualifier{,qualifier}{,qualifier}]}

where:

synbol is the symbol name to export. The symbol name is case-sensitive.
qual i fi er canbeany of:

FPREGARGS

meaning that synmbol refersto afunction that expects
floating-point arguments to be passed in floating-point
registers.

DATA meaning that symbol refersto adatalocation rather than a
function or a procedure entry point.

LEAF denotes that the exported function is aleaf function that calls
no other functions. This qualifier is obsolete.

Usage
Use EXPORT to allow code in other filesto refer to symbolsin the current file.

Use the DATA attribute to inform the linker that symbol should not be the target of
branches.

See also IMPORT or EXTERN directive on page 5-64.

Example

AREA Exanpl e, CODE, READONLY
EXPORT DoAdd ; Export the function nane
to be used by external
;. nodul es.
DoAdd ADD ro,ro,r1
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5.8.35 EXTERN directive
See IMPORT or EXTERN directive on page 5-64

5.8.36 FN directive
The FN directive defines aname for a specified floating-point register. The namesf0-f7
and FO-F7 are predefined.
Syntax
The syntax of FNis:
name FN numeri c- expressi on
where:

name is the name to be assigned to the floating-point register. name cannot be
the same as any of the predefined names listed in Predefined register and
COoprocessor names on page 5-9.

numeri c- expressi on
evaluates to a floating-point register number from 0 to 7.

Usage

UseFNto allocate convenient namesto fl oating-point registers, to hel p you to remember
what you use each one for. Be careful to avoid conflicting uses of the same register
under different names.

Example

ener gy FN 6 ; defines energy as a synbol for
; floating-point register 6
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5.8.37 GBLA directive

The GBLA directive declares and initializes a global arithmetic variable. The range of
valuesthat arithmetic variablesmay takeisthe same asthat of numeric expressions. See
Numeric expressions on page 5-89.

Syntax

The syntax of GBLAis:

GBLA vari abl e- nane

where:

vari abl e- nane

isthe name of the arithmetic variable. var i abl e- nane must be unique
amongst symbols within asourcefile.

vari abl e- nane isinitialized to 0.

Usage

Using GBLA for avariable that is already defined re-initializes the variable to 0. The
scope of the variableis limited to the source file that containsit.

Set the value of the variable with the SETA directive. See SETA directive on page 5-82.

See also LCLA directive on page 5-69 for information on setting local arithmetic
variables.

Global variables can also be set withthe - pr edef i ne assembler command-line option.
Refer to Command syntax on page 5-3 for more information.

Example

GBLA obj ect si ze ; declare the variable nanme
obj ectsize SETA Oxf f ; set its value

% obj ect si ze ; quote the variable
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5.8.38 GBLL directive

The GBLL directive declares and initializes aglobal logical variable. Possible values of
alogical variable are { TRUE} and { FALSE} .

Syntax

The syntax of GBLL is:

GBLL vari abl e- nane

where:

vari abl e- nane

isthe name of the logica variable. vari abl e- nane must be unique
amongst symbols within asourcefile.

vari abl e- nane isinitialized to { FALSE} .

Usage

Using GBLL for avariablethat isaready defined re-initializesthe variable to { FALSE} .
The scope of the variable is limited to the source file that containsiit.

Set the vd ue of the variable with the SETL directive. See SETL directive on page 5-83.
See LCLL directive on page 5-70 for information on setting local logical variables.
Global variables can also be set withthe - pr edef i ne assembler command-line option.
Refer to Command syntax on page 5-3 for more information.

Example

GBLL testrun
testrun SETL { TRUE}

I F testrun
t est code
ENDI F
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5.8.39 GBLS directive

The GBLS directive declaresand initializesaglobal string variable. The range of values
that string variables may take is the same as that of string expressions. See Sring
expressions on page 5-88.

Syntax

The syntax of GBLS is:

GBLS vari abl e- nane

where:

vari abl e- nane

isthe name of the string variable. vari abl e- name must be unique
amongst symbols within a sourcefile.

vari abl e- nane isinitialized to anull string, " " .

Usage

Using GBLS for avariablethat is already defined re-initializes the variable to a null
string. The scope of the variableis limited to the source file that containsiit.

Set the value of the variable with the SETS directive. See SETS directive on page 5-84.
See LCLSdirective on page 5-71 for information on setting local string variables.
Global variables can also be set withthe - pr edef i ne assembler command-line option.
Refer to Command syntax on page 5-3 for more information.

Example

@GBLS ver si on ; declare the variable
version SETS "Version 1.0" ; set its value
;. code

I NFO 0, versi on ; use the variabl e
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5.8.40 GET or INCLUDE directive
The GET directive includes a file within the file being assembled. The included file is
assembled. | NCLUDE is a synonym for GET.
Syntax
The syntax of GET is:
CGET fil enane
where:
filename isthe name of thefile to beincluded in the assembly. The assembler
accepts pathnames in either UNIX or MS-DOS format.
Usage

GET is useful for including macro definitions, EQUs, and storage maps in an assembly.
When assembly of the included file is compl ete, assembly continues at the line
following the GET directive.

By default the assembl er searches the current place for included files. The current place
isthe directory where the calling file is located. Use the -i assembler command-line
option to add directories to the search path. File names and directory names must not
contain spaces.

The included file may contain additional GET directives to include other files. See
Nesting directives on page 5-30.

If theincluded fileisin adifferent directory from the current place, this becomes the
current place until the end of the included file. The previous current place isthen
restored.

GET cannot be used to include object files. See INCBIN directive on page 5-66.

Example
AREA Exanpl e, CODE, READONLY
GET filel.s ; includes filel if it exists
in the current place.
GET c:\project\file2.s ; includes file2
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5.8.41

5.8.42

5.8.43

IF directive

GLOBAL directive

See EXPORT or GLOBAL directive on page 5-58

See| or IF directive on page 5-33

IMPORT or EXTERN directive

The | MPORT directive provides the assembler with a name that is not defined in the
current assembly. EXTERN is a synonym for | MPORT. See also EXPORT or GLOBAL
directive on page 5-58.

Syntax

The syntax of | MPORT is:

| MPORT symbol {[ qualifier{,qualifier}]}

where:

synbol isasymbol name defined in a separately assembled source file, object
file, or library. The symbol name is case-sensitive.

qual i fier canbe

FPREGARGS
specifiesthat synbol defines afunction that expects
floating-point arguments passed in floating-point registers.

VEAK prevents the linker generating an error message if the symbol
is not defined elsewhere. It also prevents the linker searching
libraries that are not already included.

Usage

The name isresolved at link timeto asymbol defined in a separate object file. The
symbol istreated as a program address. If [ WEAK] is not specified, the linker generates
an error if no corresponding symbol isfound at link time.

If [ WEAK] is specified and no corresponding symbol isfound at link time;

. if the reference is the destination of a Branch or Branch Link instruction, the value

of the symbol is taken as the address of the referencing instruction. The
instruction becomeB {PC} orBL {PC}.

5-64

Copyright © 1997 and 1998 ARM Limited. All rights reserved. ARM DUI 0041C



Assembler

. otherwise, the value of the symbol is taken as zero.

You must avoid executing { PC} andBL { PC} at runtime as they are non-terminating

loops.

To avoid trying to access symbols that are not found at link time, use code like the

example below to test your environment at runtime.

Example

This example tests to see if the C++ library has been linked, and branches conditionall

on the result.

AREA  Exanpl e, CODE, READONLY
I MPORT __CPP_I NI TI ALl ZE[ \EAK] ;

LDR r0, ___CPP_INITIALIZE ;
CwP ro, #0 ;
BEQ nocpl uspl us ;

If C++ library linked
gets the address of
CPP_INIT function.

If not |inked, address
is zeroed.

Test if zero.

Branch on the result.
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5.8.44 INCBIN directive

The I NCBI N directive includes afile within the file being assembled. Thefileis
included asit is, without being assembled.

Syntax

The syntax of | NCBI Nis:
INCBIN filenanme
where:

filename isthe name of thefile to be included in the assembly. The assembler
accepts pathnames in either UNIX or MS-DOS format.

Usage

You can use | NCBI Nto include executable files, literals, or any arbitrary data. The
contents of the file are added to the current AOF area, byte for byte, without being
interpreted in any way. Assembly continues at the line following the | NCBI N directive.

By default the assembler searches the current place for included files. See GET or
INCLUDE directive on page 5-63 for information on the current place. Usethe - i
assembler command-line option to add directories to the search path. File names and
directory names must not contain spaces.

Example

AREA Exanpl e, CODE, READONLY
INCBIN filel.dat ; includes filel if it
; exists in the

; current place.

INCBIN c:\project\file2. txt ; includes file2

5.8.45 INCLUDE directive
See GET or INCLUDE directive on page 5-63
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5.8.46 INFO or ! directive

The I NFOdirective supports diagnostic generation on either pass of the assembly.

l'isa synonym for | NFO.

Syntax

The syntax of | NFOis:

I NFO nuneri c- expressi on, String-expression
where:

numeri c- expressi on
isanumeric expression that is evaluated during assembly. If the
expression evaluates to zero:

. no action is taken during pass one
. string-expressionis printed during pass two.

If the expression does not evaluate to zeta@, ng- expr essi on is
printed as an error message and the assembly fails.

string-expression
is an expression that evaluates to a string.

Usage

I NFO provides a flexible means for creating custom error messageSuSedc
expressions on page 5-89 an@tring expressions on page 5-88 for additional
information on numeric and string expressions.

See alsAASSERT directive on page 5-40.

Examples

I NFO 0, "Version 1.0"

| F endofdata <= | abel 1
I NFO 4, "Data overrun at | abel 1"
ENDI F
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5.8.47 KEEP directive
The KEEP directive instructs the assembler to retain local symbolsin the symbol table
in the object file.
Syntax
The syntax of KEEP is:

KEEP {synbol}

where:

synbol is the name of the local symbol to keep. If synbol isnot specified, all
local symbols are kept except register-rel ative symbols.

Usage

By default, the assembler only describes exported symbolsin its output object file. Use
KEEP to preserve local symbols that can be used to help debugging. Kept symbols
appear in the ARM debuggers and in linker map files.

KEEP can be used only after the definition of synbol . This does not apply to KEEP
without synbol .

KEEP cannot preserve register-relative symbols. See  or MAP directive on page 5-35.

Example

| abel ADC r2,r3,r4
KEEP | abel ; makes | abel avail able to debuggers
ADD r2,r2,r5
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5.8.48 LCLA directive

The LCLA directive declares and initializes alocal arithmetic variable. Local variables
can be declared only within a macro.

Therange of values that arithmetic variables may take is the same as that of nhumeric
expressions. See Numeric expressions on page 5-89.

Syntax

The syntax of LCLAs:

LCLA vari abl e- nanme

where:

vari abl e- nane
isthe name of the variable to set. The name must be unique within the

macro that containsit. Theinitial value of the variableisO.
Usage

See also MACRO directive on page 5-73. The scope of the variableis limited to a
particular instantiation of the macro that containsit.

Using LCLA for avariable that is already defined re-initializes the variable to 0.
Set the value of the variable with the SETA directive. See SETA directive on page 5-82.

See GBLA directive on page 5-60 for information on declaring global arithmetic
variables.

Example
; Cal cul ate the next-power-of-2
; nunber >= the val ue given.
MACRO ; Declare a nmacro
$rslt NPON2  $val ue ; Macro prototype line
LCLA newal ; Declare local arithnetic
; variabl e newal .
newal SETA 1 ; Set value of newal to 1

WH LE (newal < $val ue)
; Repeat a |oop that

newal SETA (newal :SHL:1) ; multiplies newal by 2
VEND ; until newal >= $val ue.
$rsilt EQU (newal) ; Return newal in $rslt
MEND ; No runtine instructions here!
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5.8.49 LCLL directive
TheLCLL directive declares and initializesalocal logical variable. Local variables can
be declared only within a macro. Possible values of alogical variable are { TRUE} and
{ FALSE} .
Syntax
The syntax of LCLL is:
LCLL vari abl e- nane
where:

vari abl e- nane
isthe name of the variable to set. The name must be unique within the

macro that containsit. Theinitial value of the variable is{ FALSE}.
Usage

See also MACRO directive on page 5-73. The scope of the variableislimited to a
particular instantiation of the macro that containsit.

Using LCLL for avariablethat isalready defined re-initializesthe variable to { FALSE} .
Set the value of the variable with the SETL directive. See SETL directive on page 5-83.
See GBLL directive on page 5-61 for information on declaring global logical variables.

Example
MACRO ; Declare a macro
$l abel cases $x ; Macro prototype |ine
LCLL xi sodd ; Declare local |ogical variable
7 Xi sodd.
xi sodd SETL $x: MOD: 2=1 ; Set value of xisodd according
7 to $x
$l abel ; code
I F xi sodd ; Assenbl e follow ng code only
;o if $x is odd.
;. code
ENDI F
MEND ; End of nmcro
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5.8.50 LCLS directive
The LCLS directive declares and initializes alocal string variable. Local variables can
be declared only within amacro. The initial value of the variableisanull string, " " .
Syntax
The syntax of LCLS is:
LCLS vari abl e- nane
where:

vari abl e- nane
isthe name of the variable to set. The name must be unique within the

macro that contains it.
Usage

See also MACRO directive on page 5-73. The scope of the variableis limited to a
particular instantiation of the macro that containsit.

Using LCLS for avariable that is already defined re-initializes the variable to anull
string.

Set the value of the variable with the SETS directive. See SETS directive on page 5-84.

See GBLSdirective on page 5-62 for information on declaring global logical variables.

Example
MACRO ; Declare a macro
$l abel nessage $a ; Macro prototype |ine
LCLS err ; Declare local string
; variable err.
err SETS "error no: " ; Set value of err
$l abel ; code
I NFO 0, "err":CC.:STR $a ; Use string
MEND
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5.8.51 LTORG directive
The LTORG directive instructs the assembler to assemble the current literal pool
immediately.
Syntax
The syntax of LTORGIs:
LTORG

Usage

The assembler executes an LTORG directive at the end of every code area, as defined by
the AREA directive at the beginning of the following area, or the end of the assembly.

Use LTORGto ensurethat literal poolsare assembled within range of the LDR, LDFD, and
LDFS pseudo-instructions. Refer to LDR ARM pseudo-instruction on page 5-16 and
LDR Thumb pseudo-instruction on page 5-21 for more information. Large programs
may require several literal pools.

Place LTORGdirectives after unconditional branches or subroutinereturn instructions so
that the processor does not attempt to execute the constants as instructions.

The assembler word-aligns dataiin literal pools.

Example
AREA Exanpl e, CODE, READONLY
start BL funcl
funcl ; function body
;. code
LDR r1, =0x55555555 ; => LDR R1, [pc, #offset to
; Literal Pool 1]
code
MoV pc,Ir ; end function
LTORG ; Literal Pool 1 contains
 literal &55555555.
dat a % 4200 ; Clears 4200 bytes of nenory,
; starting at current |ocation.
END ; Default literal pool is enpty.
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5.8.52 MACRO directive

The MACROdirective marks the start of the definition of a macro. Macro expansion
terminates at the MEND directive. See Chapter 5 Basic Assembly Language
Programming in the ARM Software Devel opment Toolkit User Guide for further
information.

Syntax
Two directives are used to define a macro. The syntax is:

MACRO
macro_prot ot ype
code

MVEND

The MACROdirective must be followed by a macro prototype statement on the next line.
The syntax of the macro prototype statement is:

{$/ abel} nacronane {$paraneterl1{, $paraneter2}...}
where:

$/ abel is aparameter that is substituted with a symbol given when the macro is
invoked. The symbol is usually, but not necessarily, alabel.

macronane isthenameof themacro. [t must not begin with aninstruction or directive
name.

$par anet er
is aparameter that is substituted when the macro isinvoked. A default
value for a parameter may be set using this format:
$par anet er ="defaul t val ue”

Double quotes must beused if there are any spaceswithin, or at either end
of, the default value.

Usage

There must beno unclosed WHI LE. . . WENDIoopsor unclosed | F. . . ENDI F conditions
when the MEND directive is reached. See MEXIT directive on page 5-75 if you need to
allow an early exit from a macro, for example from within a loop.

Within the macro body, parameters such as$/ abel , $par anet er can be used in the
same way as other variables. See Assembly time substitution of variables on page 5-27.
They are given new values each time the macro isinvoked. Parameters must begin with
$ to distinguish them from ordinary symbols. Any number of parameters can be used.
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$I abel isoptional. It isuseful if the macro definesinternal labels. It istreated as a
parameter to the macro. It does not necessarily represent the first instruction in the
macro expansion. The macro defines the locations of any labels.

Use| astheargument to use the default value of a parameter. An empty string is used
if the argument is omitted.

In amacro that uses severa internal labels, it is useful to define each internal label as
the base label with a different suffix.

Use adot between a parameter and following text, or afollowing parameter, if a space
is not required in the expansion. Do not use a dot between preceding text and a
parameter.

Macros define the scope of local variables. See LCLA directive on page 5-69, LCLL
directive on page 5-70 and LCLS directive on page 5-71.

Macros can be nested. See Nesting directives on page 5-30.

Example
MACRO ; start macro definition
$l abel Xmac $pl, $p2
code
$l abel . |1 oopl ; code
;. code
BGE $l abel . | oopl
$l abel . | oop2 . code
BL $pl
BGT $l abel . 1 oop2
code
ADR $p2
;. code
MEND ; end macro definition
abc xmac subr1, de ; invoke nmacro
;. code ; this is what is
abcl oopl ;. code ; 1's produced when
;. code ; the macro is
BGE abcl oopl ; expanded
abcl oop2 ; code
BL subrl
BGT abcl oop2
;. code
ADR de
code
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5.8.53 MAP directive

See ™ or MAP directive on page 5-35

5.8.54 MEND directive

The MEND directive marks the end of amacro definition.

See MACRO directive on page 5-73.

5.8.55 MEXIT directive

The MEXI T directive is used to exit a macro definition before the end.

Syntax
The syntax of MEXI T is:

MVEXI T

Usage

Use MEXI T when you need an exit from within the body of a macro. Any unclosed
VHI LE. . . VEND loopsor | F. . . ENDI F conditions are closed by the assembler before
the macro is exited.

See also MACRO directive on page 5-73.

Example

MACRO
$abc macr oabc $par ant, $par an?
;. code
WHI LE conditionl
code
I F condition2
code
MVEXI T
ELSE
;. code
ENDI F
VEEND
code
MVEND

ARM DUI 0041C

Copyright © 1997 and 1998 ARM Limited. All rights reserved. 5-75



Assembler

5.8.56 NOFP directive
The NOFP directive disallows floating-point instructions in an assembly language
source file.
Syntax
The syntax of NOFP is:
NOFP
Usage
Use NOFP to ensure that no floating-point instructions are used in situations where there
is no support for floating-point instructions either in software, or in target hardware.
If afloating-point instruction occurs after the NOFP directive, an Unknown opcode
error is generated and the assembly fails.
If aNOFP directive occurs after afloating-point instruction, the assembler generates the
error:
Too late to ban floating point instructions
and the assembly fails.
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The OPT directive sets listing options from within the source code.

Syntax

The syntax of OPT is:

OPT n
where:

n

isthe OPT directive setting. Table 5-3 lists valid settings.

Table 5-3 OPT directive settings

OPTn

Effect

Turns on normal listing.

Turns off normal listing.

Page throw. Issues an immediate form feed and starts a new page.

Resets the line number counter to zero.

16

Turnson listing for SET, GBL and LCL directives.

32

Turns off listing for SET, GBL and LCL directives.

64

Turns on listing of macro expansions.

128

Turns off listing of macro expansions.

256

Turns on listing of macro invocations.

512

Turns off listing of macro invocations.

1024

Turns on the first pass listing.

2048

Turns off the first passlisting.

4096

Turns on listing of conditional directives.

8192

Turns off listing of conditional directives.

16384

Turns on listing of MEND directives.

32768

Turns off listing of MEND directives.

ARM DUI 0041C Copyright © 1997 and 1998 ARM Limited. All rights reserved. 5-77



Assembler

Usage
Specify the- 1 i st assembler option to turn on listing.

By default the - 1 i st option produces a normal listing that includes variable
declarations, macro expansions, call-conditioned directives, and MEND directives. The
listing is produced on the second pass only. Use the OPT directive to modify the default
listing options from within your code. Refer to Command syntax on page 5-3 for
information onthe - 1 i st option.

You can use OPT to format code listings. For example, you can specify anew page
before functions and areas.

Example
AREA Exanpl e, CODE, READONLY
start ;. code
code
BL funcl
code
OoPT 4 ; places a page break before funcl
funcl ;. code
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5.8.58 RLIST directive

The RLI ST (register list) directive gives aname to a set of registers.

Syntax

The syntax of RLI ST is:

name RLI ST {/ist-of-registers}

where:

name is the name to be given to the set of registers.

list-of-registers
isacomma-delimited list of register names and/or register ranges. The
register list must be enclosed in braces.

Usage

Use RLI ST to give a name to a set of registersto be transferred by the LDMor STM
instructions.

LDMand STMalways put the lowest physical register numbers at the lowest address in
memory, regardless of the order they are supplied to the LDMor STMinstruction. If you
have defined your own symbolic register namesit can beless apparent that aregister list
isnot inincreasing register order.

Usethe- checkr egl i st assembler option to ensure that the registersin aregister list
are supplied in increasing register order. If registers are not supplied in increasing
register order, awarning is issued.

Example

Context RLIST {r0-r6,r8,r10-r12,r15}
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5.8.59

RN directive

The RN directive defines a register name for a specified register.

Syntax

The syntax of RNis:

name RN nuneri c-expressi on
where:

name isthe nameto be assigned to the register. nanme cannot be the same asany
of the predefined names listed in Predefined register and coprocessor
names on page 5-9.

numeri c- expressi on
evaluates to a register number from 0 to 15.

Usage

UseRNto allocate convenient namesto registers, to help you to remember what you use
each register for. Becareful to avoid conflicting uses of the sameregister under different
names.

Examples

regnane RN 11 ; defines regnane for register 11

sqr4 RN r6 ; defines sqr4 for register 6

5-80
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5.8.60 ROUT directive
The ROUT directive marks the boundaries of the scope of local 1abels. See Local labels
on page 5-28.
Syntax
The syntax of ROUT is:
{ nane} ROUT
where:

name is the name to be assigned to the scope.

Usage

Use the ROUT directive to limit the scope of local labels. This makes it easier for your
to avoid referring to awrong label by accident. The scope of local labelsis the whole
AOF areaif there are no ROUT directivesin it. See AREA directive on page 5-38.

Use the nane option to ensure that each reference is to the correct local label. If the
name of alabel or areference to alabel does not match the preceding ROUT directive,
the assembler generates an error message and the assembly fails.

Example
code
routi neaA  ROUT ; ROUT is not necessarily a routine
code
3routineA ;. code ; this |label is checked
;. code
BEQ %lroutineA ; this reference is checked
code
BCGE %93 ; refers to 3 above, but not checked
code
4rout i neA ;. code ; this |label is checked
;. code
ot herstuff ROUT ; start of next scope
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5.8.61 SETA directive
The SETA directive sets the value of alocal or global arithmetic variable.
Syntax
The syntax of SETAis:
vari abl e- name SETA expression
where:
vari abl e- nane
isthe name of avariable declared by a GBLA or LCLA directive.
expressi on
isanumeric expression. See Numeric expressions on page 5-89.
Usage
You must declare var i abl e- nanme using aLCLA or GBLA directive before using SETA.
Refer to GBLA directive on page 5-60 and LCLA directive on page 5-69 for more
information.
Example
GBLA Ver si onNunber
Ver si onNunber SETA 21
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5.8.62 SETL directive

The SETL directive sets the value of alocal or global logical variable.

Syntax

The syntax of SETL is:

vari abl e- nane SETL expression
where:

vari abl e- nanme
isthe name of avariable declared by a GBLL or LCLL directive.

expressi on
is an expression that evaluates to either { TRUE} or { FALSE} .

Usage

You must declare var i abl e- nanme usingaLCLL or GBLL directive before using SETL.
Refer to GBLL directive on page 5-61 and LCLL directive on page 5-70 for more
information.

Example

GBLL Debug
Debug  SETL { TRUE}
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5.8.63 SETS directive
The SETS directive sets the value of alocal or global string variable.
Syntax
The syntax of SETS is:
vari abl e- name SETS string-expression
where:
vari abl e- nane
is the name of the variable declared by a GBLS or LCLS directive.
string-expression
isastring expression. See String expressions on page 5-88.
Usage
Youmust declarevar i abl e- nanme usingan LCLS or GBLS directivebeforeusing SETS.
Refer to GBLSdirective on page 5-62 and LCLSdirective on page 5-71 for more
information.
Example
GBLS VersionString
VersionString SETS "Version 1.0"
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5.8.64 SUBT directive

The SUBT directive places a subtitle on the pages of alisting file. The subtitleis printed
on each page until a new SUBT directiveisissued.

Syntax

The syntax of SUBT is:

SUBT subtitle

where:

subtitle isthesubtitle

Usage

Use SUBT to place a subtitle at the top of the pages of alisting file. Subtitles appear in
the line below thetitles. See TTL directive on page 5-86. If you want the subtitle to
appear on the first page, the SUBT directive must be on the first line of the sourcefile.

Useadditional SUBT directivesto changesubtitles. Each new SUBT directivetakeseffect
from the top of the next page.

Example

TTL First Title ; places atitle on the first
; and subsequent pages of a
; listing file.

SUBT First Subtitle ; places a subtitle on the
; second and subsequent pages
; of alisting file.

AREA Exanpl e, CODE, READONLY
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5.8.65 TTL directive
The TTL directive inserts atitle at the start of each page of alisting file. Thetitleis
printed on each page until anew TTL directiveisissued.
Syntax
The syntax of TTL is:
TTL title
where:
title isthetitle.
Usage
Usethe TTL directiveto place atitle at the top of the pages of alisting file. If you want
the title to appear on thefirst page, the TTL directive must be on the first line of the
source file.
Use additional TTL directives to change thetitle. Each new TTL directive takes effect
from the top of the next page.
Example
TTL First Title ; places a title on the first
and subsequent pages of a
listing file.
AREA Exanpl e, CODE, READONLY
5.8.66 WEND directive
See WHILE directive on page 5-87.
Syntax
The syntax of VENDis:
VEEND
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5.8.67 WHILE directive

The WHI LE directive starts a sequence of instructions or directives that are to be
assembled repeatedly. The sequenceis terminated with a WEND directive. See WEND
directive on page 5-86.

Syntax

The syntax of WHI LE is:

WHI LE | ogi cal - expressi on

code

VEND

where:

| ogi cal - expressi on
isan expression that can evaluate to either { TRUE} or { FALSE} . See
Logical expressions on page 5-90.

Usage

Use the WHI LE directive, together with the WEND directive, to assemble a sequence of
instructions a number of times. The number of repetitions may be zero.

Youcanusel F. .. ENDI F conditions within WHI LE. . . WEND loops.

VWHI LE. . . VEND loops can be nested. See Nesting directives on page 5-30.

Example
count SETA 1 ; you are not restricted to
WH LE count <= 4 ; such sinple conditions
count SETA count +1 ; In this case,
;. code ; this code will be
;. code ; repeated four tines
VEND
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59 Expressions and operators

Expressions are combinations of symbols, values, unary and binary operators, and
parentheses. Thereisastrict order of precedencein their evaluation:

1.  Expressionsin parentheses are evaluated first.

2. Operators are applied in precedence order.

3. Adjacent unary operators are evaluated from right to left.

4.  Binary operators of equal precedence are evaluated from left to right.

Theassembler includes an extensive set of operatorsfor usein expressions. Many of the
operators resemble their counterparts in high-level languages such as C. SeeUnary
operators on page 5-90 and Binary operators on page 5-91.

5.9.1 String expressions

String expressions consist of combinations of string literals, string variables, string
mani pulation operators, and parentheses. See:

. SETSdirective on page 5-84

. Variables on page 5-26

. Sring manipulation operators on page 5-91

. Unary operators on page 5-90.

String literals consist of a series of characters contained between double quote
characters. The length of a string literal is restricted by the length of the input line. See
Format of source lines on page 5-8.

Characters that cannot be placed in string literals can be placed in string expressions
using the CHR: unary operator. Any ASCII character from 0 to 255 is allowed.

The value of a string expression cannot exceed 512 characters in length. It may be of
zero length.

Example

improb SETS "literal": CC: (strvar2: LEFT: 4)
; sets the variable inprob to the val ue
"l'iteral" with the left-nmost four
; characters of the contents of
; string variable strvar2 appended
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5.9.2 Numeric expressions

Numeric expressions consist of combinations of symbols representing numeric
constants, numeric variables, actual numeric constants, binary operators, and
parentheses. See Variables on page 5-26, Numeric constants on page 5-29 and Binary
operators on page 5-91.

Numeric expressions can contain register-rel ative or program-rel ative expressionsif the
overall expression evaluates to a value that does not include a register or the program
counter.

Numeric expressions evaluate to 32-hit integers. You may interpret them as unsigned
numbersintherange0to 2%%_1, or sighed numbers in the rangél—t@ 211, However,

the assembler makes no distinction betweeand 2°—n. Relational operators such as
>= use the unsigned interpretation. This means that 0 >{-FAiSE} .

Example
a SETA 256* 256
MOV ri, #(a*22)
5.9.3 Register-relative and program-relative expressions

A register-relative expression evaluates to a named register plus or minus a numeric
constant. It is normally a label in a register-based area combined with a numeric
expression. Setor MAP directive on page 5-35.

A program-relative expression evaluates to the program counter (pc) plus or minus a
numeric constant. It is normally a label in a non register-based area combined with a
numeric expression.

Example
LDR r4, =dat a+4*n ; nis an assenbly-tine variable
;. code
MOV pc,Ir

dat a DCW val ueO
;. n-1 DCWdirectives
DCW val uen ; data+4*n points here
; nore DCWdirectives
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5.9.4 Logical expressions
Logical expressions consist of combinations of logical constants ({ TRUE} or
{ FALSE}), logical variables, Boolean operators, relations, and parentheses. See
Boolean operators on page 5-93.
Relations consist of combinations of variables, literals, constants, or expressions with
appropriate relational operators. See Relational operators on page 5-92.
5.9.5 Unary operators
Unary operators have the highest precedence (bind most tightly) and are eval uated first.
A unary operator precedes its operand and adjacent operators are evaluated from right
to left.
Table 5-4 Operator precedence
Operator Usage Description
? ?A Number of bytes of executable code generated by line
defining symbol A.
BASE : BASE: A If A isapc-relative or register-relative expression:
BASE returns the number of its register
component
BASE ismost useful in macros.
I NDEX - I NDEX: A If A isaregister-relative expression:
INDEX returns the offset from that base register.
INDEX is most useful in macros.
+ and - +A Unary plus. Unary minus. + and — can act on numeric and
-A program-relative expressions.
LEN LEN: A Length of string A.
CHR :CHR A One-character string, ASCII code A.
STR :STR A Hexadecimal string of A.
STR returns an eight-digit hexadecimal string
corresponding to a numeric expression, or the strifig
or" F" if used on a logical expression.
NOT :NOT: A Bitwise complement of A.
LNOT :LNOT: A Logical complement of A.
DEF :DEF: A {TRUE} if A is defined, otherwise {FALSE}.
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5.9.6 Binary operators

Binary operators are written between the pair of sub-expressions they operate on.
Operators of equal precedence are evaluated in left to right order. The binary operators
are presented below in groups of equal precedence, in decreasing precedence order.

Multiplicative operators

These are the binary operators that bind most tightly and have the highest precedence:

Table 5-5 Multiplicative operators

Operator Usage Explanation
* A*B multiply

/ A B divide

MOD A: MCD: B A modulo B

These operators act only on humeric expressions.

String manipulation operators

In the two dlicing operators LEFT and Rl GHT:
. A must be a string
. B must be a numeric expression.

In CC, A andB must both be strings.

Table 5-6 String manipulation operators

Operator Usage Explanation

LEFT A LEFT: B the left-most B characters of A

Rl GHT A: RI GHT: B the right-most B characters of A
cC A CC. B B concatenated on to the end of A
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Shift operators

The shift operators act on numeric expressions, shifting or rotating the first operand by

the amount specified by the second.

Table 5-7 Shift operators

Operator Usage Explanation

ROL A ROL: B rotate A left by B bits

ROR A ROR: B rotate A right by B bits

SHL A SHL: B shift A left by B bits

SHR A SHR: B shift A right by B bits
Note

SHRisalogical shift and does not propagate the sign bit.

Addition and logical operators

The bitwise operators act on numeric expressions. The operation is performed
independently on each bit of the operands to produce the resuilt.

Table 5-8 Addition and logical operators

Operator Usage Explanation

AND A AND: B bitwise AND of A and B

OoR A:OR B bitwise OR of A and B

EOR A EOR B bitwise Exclusive OR of A and B
+ A+B addAtoB

- A-B subtract B from A

Relational operators

Relational operators act on two operands of the same type to produce alogical value.

The operands may be:
. numeric
. program-relative

5-92
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. register-relative
. strings.

Strings are sorted using ASCII ordering. Strinig less than string if it is a leading
substring of string, or if the left-most character in which the two strings differ is less
in stringA than in stringB.

Arithmetic values are unsigned, so the value>efl is { FALSE} .

Table 5-9 Relational operators

Operator Usage Explanation

= =B A equal to B

> A>B A greater than B

>= A>=B A greater than or equal to B
< A<B A lessthan B

<= A<=B A lessthan or equal to B
/= A =B A not equal to B

<> A<>B A not equal to B

Boolean operators
These are the weakest binding operators with the lowest precedence.

In all three cases both A and B must be expressions that evaluate t§ ERbEr or

{FALSE}.
Table 5-10 Boolean operators
Operator Usage Explanation
LAND A: LAND: B logical AND of A and B
LOR A:LOR B logical OR of A and B
LEOR A LEOR B logical Exclusive OR of A and B

The Boolean operators perform the standard logical operations on their operands.
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Chapter 6
Linker

This chapter describesthe ARM linker, armlink. The full command syntax is given, as
well as reference information on the linker itself, itsinput and output file formats, and
memory maps. This chapter also includes reference information on scatter loading that
enables you to specify the memory map of animageto the linker. This chapter contains
the following information:

. About the linker on page 6-2

. Command syntax on page 6-4

. Building blocks for objects and images on page 6-12
. Image file formats on page 6-13

. Image structure on page 6-15

. Secifying an image memory map on page 6-17
. About scatter loading on page 6-21

. The scatter |oad description file on page 6-23

. Area placement and sorting rules on page 6-32
. Linker-defined symbols on page 6-34

. Including library members on page 6-37

. Handling relocation directives on page 6-41

. Automatic inclusion of libraries on page 6-39.
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6.1 About the linker

The ARM linker alows you to:

6.1.1 Input to armlink

link together a collection of object files and object libraries to construct an
executable image

partially link a collection of object files into an object file that can be used as input
for a link step.

Input to the ARM linker consists of:

one or more object files in ARM Object Format (AOF). This format is described
in detail in Chapter 18RM Object Format.

optionally, one or more object libraries as described in Chapt&RWMObject
Library Format.

6.1.2 Output from armlink

Output from a successful invocation of the ARM linker is in the form of either:

an executable image in one of several output formats: ELF, AlF, BIN. These are
detailed inlmage file formats on page 6-13.

a consolidated object file in ARM Object Format (AOF).

Constructing an executable image

When you use the ARM linker to construct an executable image, it:

resolves symbolic references between the input object files

extracts object modules from object libraries to satisfy otherwise unsatisfied
symbolic references

sorts object fragments (areas) according to their attributes and names, and merges
similarly attributed and named fragments into contiguous chunks

relocates relocatable values
generates an executable image.

6-2
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Constructing a consolidated object

When you use the ARM linker to construct a consolidated object, it:

. sorts object fragments (areas) according to their attributes and names, and merge
similarly attributed and named fragments into contiguous chunks

. performs pc-relative relocations between merged areas
. minimizes the symbol table

. leaves unresolved references as unresolved
. generates a consolidated object file that can be used as an input to a subsequel
link step.

ARM DUI 0041C
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6.2 Command syntax

This section gives a summary of the armlink command-line options. It describes their
functional groups, and then gives the complete syntax for each of these optionsin
armlink syntax on page 6-6.

6.2.1 Summary of armlink options
The following lists give a brief overview of each armlink command-line option. The
options are arranged into functional groups.
Accessing help and information

You can get help and information on the armlink command and its options, and the
armlink version number, using the following options:

-hel p

-vsn

Selecting the output file and output format

You name the output file using the following option:

- out put

and use one of these options to select the output file format:

-elf
- aof
-ai f
-aif -bin
-bin

If no fileformat option is selected, the default is- el f .

Note

Only the - el f option will be supported in future releases. For this reason, use of the
other file format optionsis deprecated. For more information on the ARM
implementation of ELF, refer to the ARM ELF file format description in

c: \ ARM250\ PDF\ specs.
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Specifying memory map information
You use the following options to specify simple memory maps:

-ro- base
-rw base

These options define the addresses of the code and data areas.
For more complex images, you use the option:
-scatter

The concept of scatter loading is described in About scatter loading on page 6-21. For
examplesof using - scat ter, -ro-base, and -rw base, pleaserefer to Chapter 10
Writing Code for ROM in the ARM Software Development Toolkit User Guide.

Note

The - base and - dat a options supported by previousversions of armlink are obsolete,
and future versions of armlink will not support them. You should use - r o- base and
- rw base instead.

Controlling image construction

These options control debugging information, libraries, and how to include and place
aress.

-debug / -nodebug

- nozer opad

-renove

- nor enove

- dupok

-entry

-first

-l ast

-libpath

-scanlib / -noscanlib

Note
The - wor kspace option supported by previous versions of armlink is obsolete.
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Generating image-related information
These options control how you extract and present information on the image:

-info
- map
-synbol s
- xref

By default, the linker prints the requested information on the standard output stream,
stdout. However, the information can be redirected to afile using the host stream
redirection facilities or the- | i st command-line option.

Controlling the linker
These options control some aspects of how the linker operates:
-errors
-1ist
-verbose
-via
-case / -nocase
-mat ch
-unresolved / -u
6.2.2 armlink syntax
The complete armlink command syntax is:

armink [-help] -output file [-vsn]

[-elf | -aof | -aif | -aif -bin | -bin] [-scatter file]
[-ro-base address] [-rw base address] [-debug | -nodebug]
[-nozeropad] [-renpve | -norenove] [-dupok]

[-entry entryaddress | -entry offset+object(area)]

[-first object(area)] [-last object(area)] [-|ibpath path]
[-scanlib | -noscanlib ] [-info topic-list] [-map]
[-synbols file] [-xref] [-errors file] [-list file] [-verbose]
[-via file] [-case | -nocase] [-match flags]

[-unresol ved synbol | -u synbol] input-file-Ilist

where:

-hel p prints asummary of the command-line options.

-vsn displays the armlink version number.
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-out put f

-elf

- aof

-ai f

-aif -bin

-bin

-scatter

ile

file

Linker

specifies the name of the output file (consolidated object or
executable image).

generates theimage in ELF format. Thisis the default.

Future versions of the ARM linker will output imagesin ELF file
format only. You can use the fromELF utility to convert an ELF
fileto another format. This utility isdescribed in Chapter 8 Tool kit
Utilities.

generates the consolidated abject in AOF. Because AOF can only
be used to represent an object, this option isinterpreted by the

linker as arequest for partial linking of the input objectsinto a
consolidated object.

generatestheimagein executable AlF format. Because - ai f will
not be supported in future releases, you are recommended to use
- el f to produce the output file, then run the fromELF utility to

convert to AlF format.

generatestheimagein non-executable Al F format. Because- ai f
- bi n will not be supported in future releases, you are
recommended to use- el f to producethe output file, then runthe
fromELF utility to convert to AIF BIN.

generatestheimagein plain binary format. Because - bi n will not
be supported in future rel eases, you are recommended to use - el f
to produce the output file, then run the fromELF utility to convert
to BIN.

creates the image memory map using the scatter-loading
description containedin f i | e. The description provides grouping
and placement detail s of the variousregions, sections, and areasin
theimage.

-ro-base address

setsthe execution address of the region containing the RO section
of theimage to addr ess. Thisisaso its load address. If this
option is not specified, the default RO base address of 0x8000 is
used, or 0xO0 for binary images (unless specified by - scat t er).

ARM DUI 0041C
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-rw base address

- debug

- nodebug

- nozer opad

-horenove

-renove

- dupok

sets the execution address of the second execution region to
addr ess. If this option is used, the image has two execution
regions. If the execution address of thefirst execution regionisnot
specified, thedefault valueisused. Thedefault addressfor the RwW
section is the end of the RO section. For example, if the RO
section begins at 0x8000, and is 0x1000 bytes long, the default
RW address is 0x9000.

includes debug information in the output file. The linker adds
low-level symbolic debugging data to an image (except binary
images), even if the objects were compiled or assembled without
any debugging information. Thisis the default.

turns off theinclusion of debug information in the output file. The
image is then smaller, but you cannot debug it at source level.

does not include zero-initialized areas in a binary image. By
default, the linker includes the zero-initialized areasin the image
by filling in asequence of zeroes. However, if the creation of such
areas can be postponed till run time, the linker can produce a
smaller image by not including the zero-initialized areas. This
option is only meaningful if theimage is being output in a plain
binary format (with the - bi n option).

does not remove areas unreachabl e from the area containing the
entry point.

removes unused areasfrom theimage. An areais considered to be
used if it containstheimage entry point, or if it isreferred to from
aused area.

You must take care not to remove interrupt handlers when using
-renove.

allows duplicate symbols so that an area can be included more
than oncein theimage. However, if - nor enove isalso specified,
the image must not contain multiple copies of the area.

-entry entrypoint

specifies the entry point of the image. The ent r ypoi nt may be
given as either:

entry_address  anabsolute address.

6-8

Copyright © 1997 and 1998 ARM Limited. All rights reserved. ARM DUI 0041C



Linker

of f set +obj ect ( ar ea)

an offset within an area within a particular
object. For example:

-entry 8+startup(C$$code)

There must be no spaces within the argument to - ent ry. The
ar ea and obj ect names are matched case-insensitively. This
latter form is often more convenient, and is mandatory when
specifying an entry point for unused area elimination. (See the
- r enove option).

-first object(area)
places ar ea from obj ect first in the RO section of the image if
itisanon Zl area. If itisaZl areg, it is placed first in the ZI
section. This can be used to force an areathat maps |ow addresses
to be placed first (typically the reset and interrupt vector
addresses). There must be no space between obj ect and the
following open parenthesis.

When using scatter loading, use +FI RST instead.

-l ast object(area)

places ar ea from obj ect last in the RW or RO section of the
imageif itisanon-Z| area. If itisaZl area, itisplaced last in the
Z| section. For example, this can be used to force an area that
contains a checksum to be placed last in the RW section. There
must be no space between obj ect and the following open
parenthesis.

When using scatter loading, use +LAST instead.

-libpath path  specifiesapath that isused to search for libraries. This path
overrides the path specified by the ARMLI B environment variable.
If you do not specify apath using - | i bpat h, the linker searches
in the path specified by ARMLI B, else searches the libraries
defined in the file Li b$$Request $$1 i br ary$$vari ant. See
Automatic inclusion of libraries on page 6-39 for more
information on including libraries, and $$vari ant .

-scanlib (default) allows scanning of default librariesto resolvereferences.

-noscanlib preventsthe scanning of default librariesin alink step. Thisisthe
opposite of - scanl i b. (Seealso- | i bpat h above).
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-info topic-1ist

_rrap

-synbols file

- xref

-errors file

-list file

-ver bose

-via file

-case

printsinformation about specified topics, wheret opi c- 1 i st isa
comma-separated list of topic keywords. A topic keyword may be
one of the following:

Total s reports the total code and data sizesin the
image. The totals are broken down into
separate totals for object and library files.

Si zes gives a detailed breakdown of the code and
data sizes for each input object and
interworking veneers.

I nt er wor k isignored in this release of the linker.
Unused lists all unused areas, when used with the
- renmove option.

Note that spaces are not allowed between keywordsin alist. For
example, you can enter:

-info sizes,totals
but not:
-info sizes, totals

creates an image map listing the base and size of each constituent
area.

lists each symbol used in thelink step (including linker-generated
symbols) and its value, in the named fi / e. A filename of minus
(-) names the standard output stream instead of afile.

lists cross-references between input areas.
redirects the diagnostics from the standard error stream to file.

redirects the standard output streamto fi / e. Thisisuseful in
conjunction with - map, - xr ef , and - synbol s.

prints messages indicating progress of the link operation.

reads a further list of input filenames and linker options from
f il e. Each filename and option must be given on a separate line,
and cannot occupy more than one line.

You can enter multiple - vi a options on the armlink command
line. The - vi a options can also be included within aviafile.

uses case-sensitive symbol name matching. Thisis the default.

6-10
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- nocase uses case-insensitive symbol name matching.

-match f/ags sets the default and symbol-matching options so that pc-relative
implies code relocation. Each option is controlled by a single bit
inflags:

0x01 matches an undefined symbol of the form _symto a
symbol definition of the form sym

0x02 matches an undefined symbol of the form symto a
symbol definition of the form _sym

0x04 matches an undefined symbol of the form
Modul e_Synbol to adefinition of the form
Modul e. Synbol .

0x08 matches an undefined symbol of the form
synbol _t ype to adefinition of the form synbol .

0x10 treats all pc-relative relocation directives as relocating
instructions. Thisis the default.

These options are usualy set by configuring the linker when it is
installed. Do not override options accidentally when using
- mat ch from the command line.

-unresol ved synbol

matches each reference to an undefined symbol to the global
definition of synbol . Notethat synmbol must be both defined and
global, otherwise it will appear in the list of undefined symbols,
and thelink step will fail. Thisoptionis particularly useful during
top-down development, when it may be possible to test a
partially-implemented system (where the lower levels of code are
missing) by connecting each reference to amissing function to a
dummy function that does nothing.

This option does not display warnings.

-u symbol Asfor - unr esol ved, but this option displays warnings for each
unused symbol encountered.

input-file-1ist isaspace-separated list of object and library files.
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6.3

Building blocks for objects and images

Figure 6-1 shows how objects and images are built.

0x8000

0x0000

Areas

Sections

Regions

Area 1.1.1
Area 1.1.2

[ Section 1.1 Area 121

Region 1 Section 1.2

Section 1.3 Area 1.3.1

— \ Area 132

- Area 2.1.1

Region 2 | section 2.1 Area21.2
.

Area2.1.2

Memory

Figure 6-1 Building blocks for an image

These are the code and data items from which both objects and images
are built. An area contains code or initialized data, or describes a
fragment of memory that is not initialized or that must be set to zero
before the image can execute. The attributes of an area describe whether
it is read-only, read-write, executable, initialized, zero-initialized or
non-initialized. Areas are further grouped into bigger building blocks
called sections and regions, that are used to build images.

These are sequences of areasthat are contiguous in the address space and
have the same attributes. A section has the same attributes as those of its
constituent areas. A section containing read-only, executable areasis a
read-only, executable section.

These are sequences of sections contiguous in the address space. The
constituent sections need not have the same attributes. A region may
consist of aread-write section followed by a zero-initialized section.

In terms of these building blocks:

Object

Image

This consists of one or more areas.

This consists of one or more regions. The image types supported by
armlink are detailed in Image file formats on page 6-13.
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6.4 Image file formats

6.4.1 ELF format

6.4.2 AIF format

The ARM linker can produce an image in the following file formats:
. Executable and Linkable Format (ELF)

. ARM Image Format (AIF)

. Plain Binary format.

—— Note

Future versions of the ARM Linker will output images only in ELF file format. You can
use the fromELF utility to convert ELF into all the other required formats. This utility
is described in Chapter®olkit Utilities.

Executable ARM ELF images conform to the TIS Portable Formats Specification
version 1.1. Implementation specific details are described ARNEELF File Format,
available inARVMR50\ PDF\ specs. ELF is the default file format for producing an
executable image. Other formats are supported to maintain backward compatibility with
previous versions of the ARM linker.

There are three variants of the AlF file format:

. Executable AIF format.

. Non-executable AlF format.

. Extended AIF format. This is a special type of non-executable AIF format.

See Chapter 18RM Image Format for full details of this format.

6.4.3 Plain binary format

An image in plain binary format is a sequence of bytes to be loaded into memory at a
known address. The linker is not concerned with how this address is communicated tc
the loader, or where to enter the loaded image.

In order to produce a plain binary output, there must be:

. No unresolved symbolic references between the input objects (each reference
must resolve directly or through an input library).

. An absolute base address (given by-the- base option to armlink, or in the
scatter load description file). This is set to Ox0 if it is not specified.

. Complete performance of all relocation directives.

ARM DUI 0041C
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Input areas that have the read-only attribute are placed at the low-address end of the
image, followed by initialized writable areas. By default, the zero-initialized areas are
consolidated at the end of the file where ablock of zeros of the appropriate sizeis
written. If the - nozer opad linker option is specified, the application must create the
zero-initialized area at runtime.

Note
If the scatter-loaded image contains zero-initialized sections, these sections must be
created by the application startup code at runtime using the initialization information
generated by the linker. The executable file contains just the initialization information
for such sections, not the sections themselves.

6-14 Copyright © 1997 and 1998 ARM Limited. All rights reserved. ARM DUI 0041C



6.5 Image structure

Linker

The structure of an image is defined by the number of its constituent regions and
sections, and their positions in the memory map at image loading and image execution
times. The structure of an image is distinct from its layout in the executable file. The
executable file layout is defined by the file format.

6.5.1 Load and execution memory maps of an Image

Image regions are placed in the system memory map at load time. Before you can
execute the image, you might need to move some of its regions to their execution
locations, and create the zero-initialized sections at locations described by information

contained in the imagefile.

For example, initialized read-write data may need to be copied from itsload addressin
ROM to its execution addressin RAM.

The memory map of an image has two distinct views:

. the load view
. the execution view.

=Z=>DT

=0T

Load View

RW section

<—_0x8000
_/

RO section

<~ Oxffff——>

<— 0xA000—>

Execution View

RW section

<— 0x6000

<— 0x0000—>

RO section

Figure 6-2 Load and execution memory maps
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Table 6-1 compares the load and execution views.

Table 6-1 Comparing load and execution

Load Execution

Load view describes each image region, Execution view describes each image region, section, and
section, and areain terms of the areain terms of the address it is located at
addressit islocated at when the while theimage is executing.
image isloaded into memory, before
it starts executing.

Load address  isthe address at which an area, Execution address  isthe address at which an area, section, or
section, or region isloaded into region is located while the image
memory before theimage containing containing it is being executed.
it starts executing. The load address
of an area, asection, or aregion may
differ from its execution address.

Load section  isasection intheload address space. | Execution section  isasection in the execution address space.

Load region isaregion in the load address space. | Execution region isaregion in the execution address space.

Load image In the load view, an image consists Execution image In the execution view, an image consists of
of one or more |load regions, each of one or more execution regions, each of
which may contain one or more load which may contain one or more execution
sections. sections.
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6.6 Specifying an image memory map

An image can consist of any number of regions, sections, and areas. Any number of
regions can have different load and execution addresses.

To construct the memory map of an image, the linker needs information on:
grouping  describing how input areas are grouped into sections and regions.
placement  describing where image regions should be located in the memory maps.

Depending on the complexity of the memory maps of the image, there are two ways to

pass this information to the linker:

. Command-line options for simple cases.
A simple image has at most two execution regions.

. Scatter loading for more complex cases.
Scatter loading gives you complete control over the grouping and placement of
image components by means of a scatter load description that is passed to the
linker in a text file. This is described in full About scatter loading on page 6-21.

6.6.1 Simple images

A simple image consists of:

. a read-only (RO) section

. a read-write (RW) section

. a zero-initialized (ZI) section.

The sections contain the input RO, RW, and ZI areas respectively. If the image does nc
have any RO, RW, or ZI areas, the linker does not create the corresponding RO, RW, o
Z| sections.

In a simple image, you specify the execution addresses at which the Read-Only sectio
and the Read-Write section are placed in the memory map using the following linker
options:

- RO base exec_address

instructs the linker to place the Read-Only secti@xat_addr ess (for
example, the address of the first location in ROM)

- RW base exec_address
instructs the linker to place the Read-Write sectiasxat_addr ess

At application load time, the RO region is loaded at its execution address and the RW
region is loaded immediately after the RO region.

ARM DUI 0041C
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The RW (data) section may contain code, because programs sometimes modify
themselves (or generate code and executeit). Similarly, the RO (code) areamay contain
read-only data (for example string literals, floating-point constants, ANSI C const
data).

Using the addresses passed to it, the linker generates the symbol s required to allow the
region to be copied from its load address to its execution addresses. These symbols
describe the execution address and the limit of each region. They are defined
independently of any input filesand, along with all other external names containing $$,
arereserved by ARM.

In asimpleimage, the load address of the region containing the RO section is the same
asits execution address so this region never needs to be moved before execution.

Load view

In the load view, the simplest image has a single load region consisting of the RO and
RW load sections placed consecutively in the memory map.

Note

The ZI section does not exist at |oad time (except for binary images, unless
- nozer opad isused). It is created before execution using the description of the section
contained in the imagefile.

Execution view

In the execution view, the image has two execution regions containing the three
execution sections:

. The RW and the ZI execution sections are placed consecutively, forming one
execution region.

. If no separate RW base address is given, this execution region also includes the
RO execution section, and the image has only one execution region.

. If separate RO and RW base addresses are given, the RO execution section is
placed separately from the RW and ZI execution sections, in its own execution
region.
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One execution region

Inthe execution view, the RO, RW, and ZI sectionsarelaid out consecutively inasingle
execution region. The execution address of the region containing the RO sectionisthe
same asits load address. However, the ZI section still needs to be created before
execution begins.

You specify the execution address (that is also its |oad address) using:
-ro-base execution_address

where execut i on_addr ess is the execution address of the execution region.

Load View Execution View
<— 0x01000000 —

E <«—— Images$S$ZISSLimit
M 2l section Image$SZISSBase
Single - Y
RW section Execution RW section fmages SRWeSLinit
Region Image$S$RWS$Base
RO section RO section Image$SROSSLimit
1<—— 0x8000 i | «—— Image$S$ROS$$Base
Operating System | ¢ Operating System

Figure 6-3 Simple image with one execution region

Asan example, thisapproach is suitablefor OS-based systemsthat |oad programs (code
and data) into RAM (such as Angel on a PID board).

The symbol sdescribing theload and/or execution addressesarelisted in Section-related
symbols on page 6-35.
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Two execution regions

In Figure 6-4, there are two execution regions.

Load View Execution View
0x01000000—
R <«—— Images$$zISsSLimit
A Second 2l section < ImagesS$SZI$sBase
M Execution Region . Image$SRWSSLimit
RW section
<~—— Image$$RWS$Base
RW section
First - <—— Image$SSROSSLimit
RO section Execution Reglon{ RO section
1=—0x8000 . <—— Image$$SROS$S$Base
Operating System ! Operating System

ARSI 'e—— 0%0000 ——> - mmmmmmm e

Figure 6-4 Simple image with two execution regions
Because of this, you must specify two execution addresses:
-ro-base execution_address_1 -rw base execution_address_2
where:

execution_address_1
is the execution address of the RO execution region. The first
execution region contains the RO section. The execution address
of thefirst execution region (containing the RO section) isalso the
same asits|load address.

execution_address_2
is the execution address of the RW execution region.
The execution address of the second execution region is different
fromitsload address, soit needsto be moved fromitsload address
before execution begins. The second execution region contains
RW and ZI sections. The ZI section needs to be created before
execution begins.

The symbols created are listed in Section-related symbols on page 6-35.

Asan example, this approach is suitable for simple ROM-based embedded systems, or
OS-based systems that 1oad programs.
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6.7 About scatter loading

The scatter |oading mechanism enables you to specify the memory map of an image to
the linker. Scatter loading gives you compl ete control over the grouping and placement
of image components. It is capable of describing complex image maps consisting of
multiple regions scattered in the memory map at load and execution time. Figure 6-5 on
page 6-22 shows an example of a complex memory map.

An image consists of one or more regions. Each region contains one or more sections,
and each section contains one or more areas. The load and execution address for a
region need not be the same.

To construct the memory map of an image, the linker needs:

. grouping information describing how input areas are grouped into sections and
regions

. placement information describing the addresses where image regions should be
located in the memory maps.

You specify this information using a scatter load description in a text file that is passed
to the linker.

For examples of using scatter loading, please refer to Chaptéitirty Codefor ROM
in the ARM Software Development Toolkit User Guide.

6.7.1 Symbols defined for scatter loading

When the linker is creating an image using a scatter load description, it defines some
region-related symbols independently of any of its input files. These are described in
Region-related symbols on page 6-34.

6.7.2 Command-line option

The linker command-line option for using scatter loading is:
-scatter description_file_nanme

This instructs the linker to construct the image memory map as described in
description_file_nane. The format of the description file is givenThe scatter
load description file on page 6-23.
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<— 0x20000

Load View
D
R
A
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A
M
R RW section#2
RO section#2
M
RW section#1
RO section#1

Execution View
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<— 0x10000 -
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RO section#2

<—— 0x0000 ——
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Figure 6-5 Scatter loaded memory map
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6.8 The scatter load description file

An image is made up of regions and areas. Every region in the image can have a
different load and execution address.

The types of region used in scatter loading are:

load region The memory occupied by aprogram when it has been loaded into
memory, but before it starts executing can be split into a set of
digoint load regions. Each load region is a contiguous chunk of
bytes, and contains one or more execution regions.

execution region  The memory used by a program while it is executing can aso be
split into a set of digoint execution regions. Each execution
regions belongs to only one load region. An area must bein one,
and only one, execution region.
6.8.1 Describing the memory map to the linker

The scatter |oad description isatext file that describes the memory map of theimageto
the linker. The description file allows you to specify:

. the number of load regions in the image

. the load address and maximum length of each load region
. the execution regions derived from each load region

. the execution address of each execution region

. the constituent areas of each execution region.

The file format reflects the hierarchy of load regions, execution regions, and areas.

— Note
Sections are not used in the scatter load description file. The scatter load description fil
only selects areas into each region. Internally, each region is made up of sections.

The assignment of areas to regions is completely independent of the order in which
patterns are written in the scatter load description.

The description itself is a sequence of tokens, whitespace, and comments, as shown
Table 6-2 on page 6-24.
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Table 6-2 Scatter load description

Item Description
Specid Single-characters with special significance are:
character
( LPAREN
) RPAREN
{ LBRACE
} RBRACE
" QUOTE
, COWA
+ PLUS
; SEM C
Tokens Tokens are: LPAREN
RPAREN
LBRACE
RBRACE
QUOTE
COWA
PLUS
SEM C
Comments  Comments begin with a SEM C and extend to the end of the current line. This meansthat a
WORD cannot begin with a SEM C (unless the WORD and SEM C are enclosed in QUOTES).
Numbers A NUMBER encodes a 32-bit unsigned value, and has one of the forms:
Prefix: Number:
] octal-digit+
& hex-digit+
ox hex-digit+
Ox hex-digit+
decimal-digit+
Word A WORD s an aternation of quoted and ungquoted WORD-segments:

Unguoted WORD segment  terminates on the first character in the set { Whitespace,
LPAREN, RPAREN, LBRACE, RBRACE, COMVA, PLUS,

QUOTE}

Quoted WORD segment is enclosed by QUOTE characters and may contain any
characters except newf i ne. All other characters of which
i sspace() istruearetrandated to space. Two consecutive
QUOTEs stand for the literal QUOTE character and do not begin
or end a quoted WORD-segment.
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6.8.2 Structure of the description file
Structurally, a scatter load description is a sequence of load region descriptions:

Scatter-description ::= [oad-region-description+

Load region description

A load region has:

. a name

. a base address

. an optional maximum size

. a non-empty list of execution regions.

The linker allows an empty description.
The syntax is:

| oad- regi on-description ::=
| oad- r egi on- nane base-address [ max-size ]
LBRACE execution-regi on-descri pti on+ RBRACE

where:

| oad- r egi on- name
names the load region. Only the first 31 characters are significant.
Use fewer characters if your system has a shorter limit on
directory entries. The linker uses the first 31 characters to produce
base and limit symbols for the region.

In multi-file output formats (for examplebi n),
| oad- r egi on- nane is used to name the file containing
initializing data for this load region.

base- addr ess is the address where the contents of the region are loaded. It must
be a word-alignedlUMBER, so &1234ABDC, 0x1e4, 4000, and 0
are acceptable, but 1234CD is not.

max-si ze is an optionaNUMBER. If max- si ze is specified, the linker
generates an error if the region has more tlean si ze bytes
allocated to it.

execution-regi on-description
is described in the following subsection.
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Execution region description

An execution region is described by a name and a base address.
The syntax is:

execution-region-description ::=

exec-regi on- nane base- desi gnat or
LBRACE area-description* RBRACE

base-desi gnator ::.= base-address | + offset
where:

exec-regi on- nane

names the execution region. Only the first 31 characters are
significant. Usefewer charactersif your system hasashorter limit

on directory entries.

base- desi gnat or describes the base address:

base- addr ess

+ offset

ar ea-description

isthe address at which objectsin the region
should be linked. It must be aword-aligned
NUMVBER.

describes a base address that is of f set
bytes beyond the end of the preceding
execution region. The length of aregionis
always a multiple of four bytes, so of f set
must also beamultiple of four bytes. If there
is no preceding execution region (that is, if
thisisthefirst in the load region) then +

of f set means of f set bytes after the base
of the containing load region.

is described in the following subsection.

Area description

Anar ea- descri pti on isapattern that identifies areas by:
. module name (object file name, library member name, or library file name)
. area name, or area attributes sucRED- ONLY, or CODE.
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Note

Only areas that match both the nodul e- sel ect or - pat t er n and at least one
ar ea- sel ect or areincluded in the execution region.

If you omit LPAREN ar ea- sel ect ors RPAREN, the default is +RO.

The syntax is:

area-description ::=
nmodul e- sel ector-pattern [ LPAREN area-sel ect ors RPAREN ]

where:

nodul e-sel ect or-pattern
is a pattern constructed from litera text, and the wildcard characters *
(matches 0 or more characters) and ? (matches any single character). For
example:
*armib. *
An areamatches a nodul e- sel ect or - pat t er niif:

. The name of the object file containing the area or name of the
library member (with no leading pathname) matches the
nmodul e- sel ector - pattern.

. The full name of the library from which the area was extracted
matches th@odul e- sel ect or - pat t er n.

Matching is case-insensitive, even on hosts with case-sensitive file
naming.

area-sel ectors

is a comma-separated list of expressions. Each expression is a pattern
against which the area name, or the name of an attribute you want the
selected area to have, is matched. In the latter case the name must be
preceded by a plus character (+). You may omit any comma immediately
followed by aPLUS.

SeeARM/Thumb interworking veneers on page 6-29 for information on
assigning ARM/Thumb interworking veneers to an execution region.

area-selectors ::=
(PLUS area-attrs | area-pattern )([ COWA ]
PLUS area-attrs| COWA area-pattern)*

where:
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area- pattern is a pattern that is matched case-insensitively
against the area name. It is constructed from literal
text, and the wildcard characters* (matches O or
more characters) and ? (matches any single
character).

area-attrs is an attribute selector matched against the area
attributes. Each ar ea- at t r s follows a PLUS
keyword or + character.

All selectors are case insensitive. The following
selectors are recognized:

. RO- CODE

. RO- BASED- DATA

. RO (includesRO- CODE andRO- DATA)

. RO- DATA (includes RO- BASED- DATA)

. RW STUB- DATA (shared library stub data)

. RW DATA (includesRw BASED- DATA and
RW STUB- DATA)

. RW (includesRw CODE andRw DATA)

. VA

. ENTRY (the area containing tHENTRY point)
RO- NOTBASED- DATA cannot be specified directly.
RO- BASED- DATA must be selected in one region
and (less specificallyp0O- DATA in another.

The following synonyms are recognized:

. CODE (= RO CODE)

. CONST (= RO DATA)

* TEXT (= RO

. DATA (= RW

. BSS (= ZI)

The following pseudo-attributes are recognized:

. FI RST

. LAST

FI RST andLAST can be used to mark the first and
last areas in an execution region if the placement
order is important (for example, if tENTRY must
be first and a checksum last). The first occurrence

of FI RST or LAST as amar ea- at t r s terminates
the list.
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ARM/Thumb interworking veneers

ARM/Thumb interworking veneers are built in an area called | W$$Code. You can
assign this area to an execution region just like any other area using the
area-sel ector:

* (1 W$$Code)
Although thereisno associated nodul e- sel ect or - pat t er n, * still matchesasthere
isonly one | W$$Code area, o this selection is unambiguous.

6.8.3 Resolving multiple matches

If an area matches more than one execution region, the matches are resolved as
described below. If a unique match cannot be found, armlink faults the scatter
description. Each areais selected by a nodul e- sel ect or - pat t ern and an
area- sel ector.

In the following explanation:

. ml andn® represent module-selector-patterns.
. s1 ands2 represent area-selectors.

. the term ‘iff’ meandf and only if

. the greater than operator (>) denatese specific. For example:
m, s1 > n®, s2
means that thet, s1 pair is more specific than the, s2 pair.

In the case of multiple matches, the linker determines which region to assign the area t
on the basis of whichodul e- sel ect or - pat t er n, ar ea- sel ect or pair is the most
specific.

For example, if area A matches, s1 for execution region R1, ane®, s2 for
execution region R2, the linker:

. assigns Ato R1 iffl, s1 > n®, s2
. assigns Ato R2 iffi, s2 > nt, sl

. diagnoses the scatter description as faulty if neithes1 > n2, s2 norn2, s2
> ml, sl.
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The linker determines the most specific
nmodul e- sel ector - pattern, ar ea-sel ect or pair in the following way:

. For the module selector patterns:

mL > iff (text(ml) matches pattern(nm)) &&
I'(text(nR) matches pattern(ml))

. For the area selectors:

. If s1 ands2 are both patterns matching area names, the same definition as
for module selector patterns is used.

. If one ofs1, s2 matches the area name and the other matches the area
attributes thes 1 ands2 are unordered and the description is diagnosed as
faulty.

. If boths1 ands2 match area attributesl > s2 is defined by:

ENTRY > RO CODE > RO
ENTRY > RO BASED- DATA > RO DATA > RO
ENTRY > RW CODE > RW
ENTRY > RW BASED- DATA > RW DATA > RW
ENTRY > RW STUB- DATA > RW DATA > RW

No other members of trel > s2 relation between area attributes exist.

. For thenpdul e- sel ect or - pat t er n, ar ea- sel ect or pair:

mi, s1 > n2, s2 if and only if either of the following is true:

. sl is a literal area name (that is, it contains no pattern characters® and
matches area attributes other th&NTRY

e (mL>nR) || !'(n2 > nm) & (sl > s2).
The consequences of this matching strategy include:
. Descriptions are independent of the order in which they are written.

. Generally, the more specific the description of an object is, the more specific the
description of the areas it contaiagea- sel ect or s are not examined unless:
. Object selection is inconclusive.
. One selector fully names an area and the other selects by attribute.

In this case, the explicit area name is more specific than any attribute other
thanENTRY (that selects exactly one area from one object). This is the case
even if the object selector associated with the area name is less specific than
that associated with the attribute.
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6.8.4 Obsolete features

The following features are obsol ete:

. ROOT

. ROCOT- DATA

. OVERLAY.
Note

These are supported by the current version of armlink for backwards compatibility only
and will not be supported in future versions of armlink. Using these features in a
description file generates a warning from armlink.
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6.9 Area placement and sorting rules

The linker sorts all the areas within aregion according to their attributes. Areas with
identical attributes form a contiguous block within the region. Each contiguous block
of areas is defined as a section.

You need not specify explicitly the addresses or number of sections within aregion,
because this is done by the linker. There are as many sectionsin aregion as there are
non-empty area attribute sets. The base address of each section is governed by the
sorting order defined by the linker.

While generating an image, the ARM linker sortstheinput areasin the following order:
. by attribute
. by area name

. by their positions in the input list, except where overridden biyiast or
- | ast option. This is described losing FIRST and LAST to place areason page
6-33.

By default, the ARM linker creates an image consisting of an RO, an RW, and optionally
a ZI, section. The RO section can be protected at runtime on systems that have memory
management hardware.

Page alignment of the RO and RW sections of the image can be forced using the area
alignment attribute of AOF areas. You set this usingAtheeN attribute of the ARM
assembleAREA directive (seREA directive on page 5-38).

6.9.1 Ordering areas by attribute

Portions of the image associated with a particular language runtime system are collected
together into a minimum number of contiguous regions. (This applies particularly to
code regions that may have associated exception handling mechanisms.) More
precisely, the linker orders areas by attribute as follows:

. read-only code

. read-only based data

. read-only data

. read-write code

. based data

. other initialized data

. zero-initialized (uninitialized) data
. debugging tables (optional).
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Areas that have the same attributes are ordered by their names. Names are considered
to be case-sensitive, and are compared in alphabetical order, using the ASCII collation
seguence for characters.

Identically attributed and named areas are ordered according to their relative positions
intheinput list.

As a consequence of these rules, the positioning of identically attributed and named
areasincluded from librariesis not predictable. However, if library L1 precedeslibrary
L2intheinput list, al areasincluded from L1 will precede each areaincluded from L2.
If more precise positioning is required, you can extract modules manually, and include
themin the input list.

6.9.2 Using FIRST and LAST to place areas

Within aregion, all read-only code areas are contiguous and form a section that must
precede the section containing al the read-only based data areas.

If you are not using scatter loading, you usethe - fi r st and - | ast linker optionsto
place areas.

If you are using scatter |oading, you use the pseudo-attributes FI RST and LAST in the
scatter |oad description file to mark thefirst and last areas in an execution region if the
placement order isimportant (for example, if the ENTRY must be first and a checksum
last).

However, FI RST and LAST must not violate the basi ¢ attribute sorting order. Thismeans
that an areacan befirst (or last) in the execution region if the execution sectionin which
it iscontained is the first (or last) section in the region. For example, in an execution
region containing any read-only areas, the FI RST area must be a read-only area.
Similarly, if the region contains any ZI data, the LAST areamust beaZl area

Within each section, areas are sorted according to their names, and then by their
positions in the input order.

6.9.3 Aligning areas

Once areas have been ordered and the base address has been fixed, the linker may insert
padding to force each areato start at an address that is a multiple of:

2(ar ea alignnent)

Areas are commonly aligned at word boundaries.
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6.10

6.10.1

Linker-defined symbols

The ARM Linker defines some symbols independently of any of itsinput files. These
symbols contain the character sequence $$ and are reserved by ARM along with all
other external names containing this sequence.

These symbols are used to specify region-base-addresses, section-base-addresses, and
area-base-addresses and their limits. They can be imported and used as rel ocatable
addresses by your assembly language programs, or referred to asext er n symbolsfrom
your C or C++ source code. Examples of such usage are provided in Chapter 10 Writing
Code for ROM in the ARM Software Development Toolkit User Guide.

Region-related symbols

These symbols are generated when the linker is creating an image using a scatter
loading description. The description names all the load and execution regionsin the
image, besides providing their load and execution addresses. The scatter load
description file is explained in The scatter load description file on page 6-23.

The linker generates three symbols for every region present in the image, shown in
Table 6-3.

Table 6-3 Region-related linker symbols

Symbol Description

Load$$regi on_nane$$Base the load address of the region

| mage$$regi on_nane$$Base the execution address of the region

| mage$$regi on_nane$$lLengt h the execution region length in bytes
(multiple of 4)

For every region containing aZl section, the linker generates two additional symbols,
shown in Table 6-4.

Table 6-4 Additional symbols for ZI sections

Symbol Description

| mage$$regi on_nane$$zl $$Base the execution address of the ZI section in
this region.

| mage$$regi on_nane$$zZl $$Lengt h  thelength of the ZI section in bytes
(multiple of 4)

6-34
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A scatter load image is not padded with zeros, and requiresthe Z| sectionsto be created
dynamically. This means that there is no need for aload address symbol for ZI data.

6.10.2 Section-related symbols

The symbols shown in Table 6-5 are generated when the linker is creating a simple
image that has three sections (RO, RW and ZI) that are combined into one or two
execution regions, when - r o- base and/or -rw base are specified.

Table 6-5 Section-related linker symbols

Symbol

Description

| mage$$SRCBE$Base

Address of the start of the RO section:

. If the image has one execution region,
| rage$$RWS$Base is the same as
| mage$$SROBSLI mi t .

. If the image has two execution regions,
| mage$$RWE$Base is different from
| mage$$SROBSLI mi t .

| mage$SRCBSLI mi t

Address of the byte beyond the end of the RO section

| mge$$SRVWESBase

Address of the start of the RW section

| mage$$SRWBSLI mi t

Address of the byte beyond the end of the ZI section.

| mage$$zI $$Base

Address of the start of the ZI section

| mage$$ZI $$Li mi t

Address of the byte beyond the end of the ZI section.

— Note

Section-related symbols do not contain useful information if scatter loading is used to
specify region information. Code that uses section-related symbols will not produce
expected results. In such cases, only the region-related symbols described in
Region-related symbols on page 6-34 should be used.
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6.10.3 Area-related symbols

For every area present in the image, the linker generates the symbolsin Table 6-6.

Table 6-6 Area-related linker symbols

Symbol Description

Ar eanane$$Base Address of the start of the consolidated areacalled Ar eanane.

Areanane$$Li mit  Address of the byte beyond the end of the consolidated area called
Ar eanane.

6-36 Copyright © 1997 and 1998 ARM Limited. All rights reserved. ARM DUI 0041C



Linker

6.11  Including library members

An object file may contain referencesto externa objects (functionsand variables). The

linker attempts to resolve these references by matching them to definitions found in

other object filesand libraries. A library is a collection of AOF files stored in an ARM

Library Format file. Usually, at least one library fileis specified in the input list. The

important differences between object files and libraries are:

. each object file in the input list appears in the output unconditionally, whether or
not anything refers to it

. a member from a library is included in the output if, and only if, an object file or
an already-included library member makes a non-weak reference to it.

6.11.1  Processing the input file list
The linker processes its input list as follows:

1. The object files are linked together, ignoring the libraries. Usually there will be a
resultant set of references to as yet undefined symbols. Some of these may be
weak. These are allowed to remain unsatisfied, and do not cause library member

to be loaded.
2. The libraries are then processed in the order that they appear in the input file list

a. Thelibrary is searched for members containing symbol definitions that
match currently unsatisfied, non-weak references.

b.  Each such member is loaded, satisfying some unsatisfied references,
possibly including weak ones. This may create new unsatisfied references,
again, possibly including weak ones.

c.  The search of the library is repeated until no further members are loaded
from the library.

d. The libraries are re-processed as described in Step 2 until no further
members are loaded.

If any non-weak reference remains unsatisfied at the end of a linking operation, other
than one that generates partially-linked, relocatable AOF, the linker generates an erro
message.

While processing the object files and libraries specified to the linker on its command
line, a warning is given if symbols are seen requesting different variants of the same
library, but all requested variants are added to the list of requested libraries (in the orde
they are requested by the input files).
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Thelibrariesin the list are searched only if there are still unsatisfied non-weak
references after all specified objects and libraries have been loaded. They are obtained
fromthedirectory specifiedtothelinker by useof a- | i bpat h argument (or configured
asitslibrary path using the graphical configuration tool), or failing that, from the
directory which isthe value of the environment variable ARM.| B.

6.11.2 Including library members

To forcibly include alibrary member, put the name(s) of the library member(s) in
parentheses after the library name. There must be no space between the library name
and the opening parenthesis. M ultiple member names must be separated by commas.
There must be no spacein the list of member names.
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6.12 Automatic inclusion of libraries

The ARM linker automatically searchesfor aC library that matches the attributes of the
object files being linked. To do this, the filenames of the C libraries are annotated with
letters and digits to identify them. The annotation has the form:

arm i b_<apcs_vari ant>. <bi t s><byt esex>

The compiler and assembler generate a weak reference to symbols with names

Li b$$Request $$1 i brary$$vari ant for required libraries, where vari ant is
determined by the APCS optionsin use. thisis described above, except that armcc with
apcs/ i nt er wor k generates areference to the Thumb interworking libraries. The
ARM and Thumb C compilers and assemblers require only the armlib library.

6.12.1 For ARM libraries

apcs_vari ant is the concatenation of a hardware floating-point option:
h hardware floating-point, instruction set 3.
r hardware floating-point, instruction set 3, fp arguments
in fp registers.
2 hardware floating-point, instruction set 2.
z hardware floating-point, instruction set 2, fp arguments
in fp registers.

with a software stack checking option:

c no software stack checking.

with an interworking option:

i compiled for ARM/Thumb interworking.

and a frame pointer option:

n does not use a frame pointer.
bits is32.
byt esex iseither:

| little-endian

b big-endian
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Example

The following exampleis an ARM little-endian C library, with no software stack
checking and no frame pointer:

arnmib_cn. 32l
6.12.2 For Thumb libraries
apcs_vari ant is the concatenation of a software stack checking option:
s software stack checking.
and an interworking option:
i compiled for ARM/Thumb interworking.
bits is16
byt esex iseither:
| little-endian
b big-endian
Example
The following example is a Thumb little-endian C library compiled for interworking:
armib_i. 16l
Note
Not all combinations are possible. Only a subset of the possible combinations are made
by ARM as part of arelease.
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6.13 Handling relocation directives

This section describes how the linker implements the rel ocation directives defined by
ARM Object Format.

6.13.1 The subject field

A relocation directive describes the relocation of asingle subject field, that may be:

. a byte

. a halfword (2 bytes, halfword-aligned)

. a word (4 bytes, word-aligned)

. a value derived from a suitable sequence of instructions.

The relocation of a word value cannot overflow. In the other cases, overflow is

diagnosed by the linker. This is describedlme rel ocation of instruction sequences on
page 6-42.

6.13.2 Therelocation value

A relocation directive refers either to:
. the value of a symbol

. the base address of an AOF area in the same object file as the AOF area containir
the directive.

This value is called the relocation value, and the subject field is modified by it, as
described in the following subsections.

6.13.3 PC-relative relocation

A pc-relative relocation directive requests the following modification of the subject
field:

subject-field = subject_field + relocation_val ue
- base_of _area_cont ai ni ng(subj ect _fi el d)

A special case of pc-relative relocation occurs when the relocation value is specified tc
be the base of the area containing the subject field. In this case, the relocation value i
not added. This caters for a pc-relative branch to a fixed location, for example:

subject-field =subject_field-
base_of _area_cont ai ni ng(subj ect _fi el d)

ARM DUI 0041C
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6.13.4  Additive relocation
A plain additive relocation directive modifies the subject field as follows:

subject _field = subject_field + relocation_val ue

6.13.5 Based arearelocation

A based arearel ocation directive rel ocates a subject field by the offset of the relocation
value within the consolidated area containing it:

subject_field = subject_field + rel ocation_val ue
- base_of _area_group_contai ni ng(rel ocati on_val ue)

6.13.6 The relocation of instruction sequences

The linker recognizes that the following instruction sequences define arelocatable
value:

. an ARMB orBL instruction

. a ThumbBL instruction pair.

If bit O of the relocation offset is set, the linker relocates a Thumb instruction sequence.
The only Thumb instruction sequence that can be relocateBlLignatruction pair. In

the relocation of & or BL instruction, word offsets are converted to and from byte
offsets.
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Chapter 7
ARM Symbolic Debugger

The ARM Symbolic Debugger, armsd, isan interactive source-level debugger providing
high-level debugging support for languages such as C, and low-level support for
assembly language. This chapter contains the following information:

. About armsd on page 7-2

. Command syntax on page 7-3

. Running armsd on page 7-6

. Alphabetical list of armsd commands on page 7-10

. Soecifying source-level objects on page 7-49

. Armsd variables on page 7-54

. Low-level debugging on page 7-59

. armsd commands for EmbeddedI CE on page 7-62

. Accessing the Debug Communications Channel on page 7-64.
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7.1 About armsd

The ARM symbolic debugger can be used to debug programs assembled or compiled
using the ARM assembler, and the ARM C compiler, if those programs have been
produced with debugging enabled. A limited amount of debugging information can be
produced at link time, even if the object code being linked was not compiled with
debugging enabled. The symbolic debugger is normally used to run ARM Image
Format images.

7.1.1 Selecting a debugger

Armsd supports:

. remote debugging

. debugging using the ARMulator
. remote debugging using ADP.

7.1.2 Automatic command execution on startup

The symbolic debugger obeys commands from an initialization file, if one exists, before
it reads commands from the standard input. The initialization file is callegt. i ni .

The current directory is searched first, and then the directory specified by the
environment variableiOvE.
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7.2 Command syntax

You invoke armsd using the command given below. Underlining is used to show the
permitted abbreviations.

Thefull list of commands available when armsd is running is given in Alphabetical list
of armsd commands on page 7-10.

7.2.1 Command-line options

arnmsd [-hel p] [-vsn] [-Little | -big] [-proc nane] [-fpe | -nofpe]

[-synmbol s] [-0 name] [-script name] [-exec] [-inane] [-rem |
-arnmul | -adp options] inmge_name argunents

where:

-hel p gives a summary of the armsd command-line options.

-vsn displays information on the armsd version.

-little specifies that memory should be little-endian.

-big specifies that memory should be big-endian.

-proc nane specifies the cpu type.

-fpe instructs the ARMulator to load the FPE on startup.

- nof pe instructs the ARMulator not to load the FPE on startup. When

testing code compiled using the floating-point library, you may
not want to load the FPE.

-synbol s loads an image file containing debug information but does not
download the image.

-0 nane writes output from the debuggee to the named file.

-script nane takes commands from the named file (revertsto stdin on reaching

EOF).
- exec asks the debugger to execute immediately and quit when
execution stops.
-inane adds nane to the set of paths to be searched to find source files.
-rem selects remote debugging. By default thiswill be ADP.
- ar mul selects the software ARM Emulator (ARMulator).
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-adp options selects remote debugging using ADP. Select one of the following
options to specify the ADP port to use:

-port expr
selects serial communications, where expr can be any
of:

1

2

devi ce_nanes=1

s=2

s=devi ce_nane

To select serial and parallel communications, expr can
be:

s=n, p=m

where n and mcan be 1, 2 or adevice name.

To select ethernet communications, expr is:

e=id

where i d is the ethernet address of the target board.
In the case of serial and/or parallel communications,

h=0 may be prefixed to the port expression. This
switches off the heartbeat feature of ADP.

-lLinespeed n
sets the line speed to n.

-l oadconfig nanme

specifies the file containing configuration data to be
loaded.

-sel ectconfig nane version
specifies the target configuration to be used.

-reset resetsthetarget processor immediately (if supported
for target).

-clock n
specifies the clock speed in Hz (suffixed with K or M)
for the ARMulator. Thisisonly valid with an
arnsd. map file.

i mge_name gives the name of the file to debug. You can also specify this
information using the load command. See |oad on page 7-32 for
more information.

7-4 Copyright © 1997 and 1998 ARM Limited. All rights reserved. ARM DUI 0041C



ARM Symbolic Debugger

argunent s give program arguments. You can also specify thisinformation
using thel oad command. See load on page 7-32 for more
information.
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7.3

7.3.1

7.3.2

Running armsd

Symbols

Thissection listsall armsd commands. They arefirst briefly listed in functional groups,
and then are explained fully in Alphabetical list of armsd commands on page 7-10.

The functional groups are:

. Symbols

. Controlling execution
. Program context

. Low-level debugging
. Coprocessor support
. Profiling commands
. Miscellaneous.

The semicolon character (;) separates two commands on a single line.

Note

The debugger queues commands in the order it receives them, so that any commands
attached to a breakpoint are not executed until all previously queued commands have
been executed.

These commands allow you to view information on armsd symbols:

symbol s lists all symbols (variables) defined in the given or current context, along
with their type information.

variable provides type and context information on the specified variable (or
structure field).

argunent s shows the arguments that were passed to the current procedure, or another
active procedure.

Controlling execution

These commands allow you to control execution of programs by setting and clearing
watchpoints and breakpoints, and by stepping through instructions and statements:

br eak adds breakpoints.
cal | calls a procedure.

go starts execution of a program.

7-6
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istep
| oad

rel oad

return
step
unbr eak
unwat ch

wat ch

ARM Symbolic Debugger

steps through one or more instructions.
loads an image for debugging.

reloads the object file specified on the armsd command line, or with the
last | oad command.

returns to the caller of the current procedure (passing back aresult).
steps execution through one or more statements.

removes a breakpoint.

clears awatchpoint.

adds a watchpoint.

7.3.3 Reading and writing memory

These commands allow you to set and examine program context:

getfile

putfile

7.34 Program context

reads from afile and writes the content to memory.

writes the contents of an area of memory to afile.

These commands allow you to set and examine program context:

wher e

backtrace
cont ext
out

in

7.35 Low-level debugging

prints the current context as a procedure name, line number in the file,
filename and the line of code.

prints information about all currently active procedures.
sets the context in which the variable lookup occurs.
sets the context to be the same as that of the current context’s caller.

sets the context to that called from the current level.

These commands allow you to select low-level debugging and to examine and display
the contents of memory, registers, and low-level symbols:

| anguage

sets up low-level debugging if you are already using high-level
debugging.
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regi sters displaysthe contents of ARM registers 0 to 14, the program counter (pc)
and the status flags contained in the processor status register (psr).

fpregisters
displays the contents of the eight floating-point registers fO to f7 and the
floating-point processor status register FPSR.

exani ne allows you to examine the contents of the memory between a pair of
addresses, displaying it in both hexadecimal and ASCII formats, with 16
bytes per line.

l'ist displaysthe contents of the memory between aspecified pair of addresses
in hexadecimal, ASCII and instruction format, with four bytes (one
instruction) per line.

find finds all occurrencesin memory of a given integer value or character
string.
| sym displays low-level symbols and their values.

7.3.6 Coprocessor support

The symbolic debugger’s coprocessor support enables access to registers of a
coprocessor through a debug monitor that is ignorant of the coprocessor. Thisis only
possibleif theregisters of the coprocessor areread (if readable) and written (if writable)
by asingle coprocessor datatransfer (CPDT) or a coprocessor register transfer (CPRT)
instruction in a non-user mode. For coprocessors with more unusual registers, there
must be support code in a debug monitor.

copr oc describes the register set of acoprocessor and specifies how the contents
of the registers are formatted for display.

cr egdef describes how the contents of a coprocessor register are formatted for
display.

cregi st er s displays the contents of all readable registers of a coprocessor, in the
format specified by an earlier copr oc  command.

cwite writes to a coprocessor register.

7-8
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The following commands allow you to start, stop, and reset the profiler, and to write
profiling datato afile.

pause
pr of cl ear
pr of on

pr of of

prompts you to press a key to continue.
resets profiling counts.
starts collecting profiling data.

stops collecting profiling data.

profwite writesprofiling information to afile.

7.3.8 Miscellaneous commands

These are general commands.

alias

conment

hel p

| og
obey

print

type

whi | e

qui t

passes the following command to the host operating system.
introduces a comment line.

defines, undefines, or lists aliases. It allows you to define your own
symbolic debugger commands.

writesamessageto st derr.
displaysalist of available commands, or help on a particular command.
sends the output of subsequent commandsto afile aswell as the screen.

executes aset of debugger commands which have previously been stored
in afile, asif they were being typed at the keyboard.

examines the contents of the debugged program’s variables.

types the contents of a sourcefile, or any text file, between a specified
pair of line numbers.

is part of amulti-statement line.

terminatesthe current symbolic debugger session and closesany openlog
or obey files.
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7.4 Alphabetical list of armsd commands

This section explains how the armsd command syntax is annotated, and lists the

terminology used. Every armsd command is listed and explained, starting with the !

command on page 7-12.

7.4.1 Annotating the command syntax

typewr it er Showscommand elements that you should type at the keyboard.

typewr it er Underlined text shows the permitted abbreviation of a command.

typewr it er Represents an item such as a filename or variable name. You should
replace this with the name of your file, variable, and so on.

{} Items in braces are optional. The braces are used for clarity and should
not be typed.

* A star (*) following a set of braces means that the items in those braces
can berepeated as many times asreguired. Many command names can be
abbreviated. The braces here show what can be |eft out. In the one case
where braces are required by the debugger, these are enclosed in quote
marks in the syntax pattern.

7.4.2 Names used in syntax descriptions

These terms are used in the following sections for the command syntax descriptions:

context The activation state of the program. See Variable names and context on
page 7-49.

expression  An arbitrary expression using the constants, variables and operators
described in Expressions on page 7-51. It is either alow-level or a
high-level expression, depending on the command.

Low-level  Low-level expressions are arbitrary expressions using constants,
low-level symbolsand operators. High-level variablesmay beincludedin
low-level expressionsif their specification startswith#or $, or if they are
preceded by *.

High-level High level expressions are arbitrary expressions using constants,
variables and operators. Low-level symbols may beincluded in
high-level expressions by preceding them with @
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Thelist,find,exanine,putfile,andgetfilecommandsrequire
low-level expressions as arguments. All other commands require
high-level expressions.

location A location within the program (see Program locations on page 7-50).

variable A reference to one of the program’s variables. Use the simple variable
nameto look at avariablein the current context, or add moreinformation
as described in Variable names and context on page 7-49 to see the
variable elsewhere in the program.

format isone of:
J hex
. ascii
. string

This is a sequence of characters enclosed in double quotes (). A
backslash (\) may be used as an escape character within a string.

. A Cprintf() function format descriptor. Table 7-1 shows some
common descriptors.

Table 7-1 Format descriptors

Type Format Description
int Only use thisif the expression being printed yields an integer:
%l Signed decimal integer (default for integers)
% Unsigned integer
U Hexadecimal (lowercase letters)
same as hex
char % Character (same as ascii)

Only use thisif the expression being printed yields an integer.

char * % Pointer to character (same as string)
Only use this for expressions which yield a pointer to a
zero-terminated string.

void * %0 Pointer (same as %.8x), for example, 00018abc
This can be used with any kind of pointer.
float Only use this for floating-point results:
% Exponent notation, for example, 9.999999e+00
o% Fixed point notation, for example, 9.999999
% General floating-point notation, for example, 1.1, 1.2e+06
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7.4.3 ! command
The! command gives access to the command line of the host system without quitting
the debugger.
Syntax
The syntax of ! is:
! conmand
where:

comand is the operating system command to execute.

Usage

Any command whose first character is! is passed to the host operating system for
execution.

7.4.4 | command

The| command introduces a comment line.

Syntax

The syntax of | is:
| conment

where:

comment isatext string

Usage

This command allows you to annotate your armsd file.
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7.4.5 alias
Theal i as command defines, undefines, or lists aliases. It allows you to define
symbolic debugger commands.
Syntax
The syntax of al i as is:
al i as {nane{expansi on}}
where:
nane isthe name of the alias.

expansi on isthe expansion for the dias.

Usage

If noargumentsaregiven, al currently defined aliasesare displayed. If expansionisnot
specified, the alias named is del eted. Otherwise expansion is assigned to the alias name.

The expansion may be enclosed in double quotes (") to allow theinclusion of characters
not normally permitted or with special meanings, such asthe alias expansion character
() and the statement separator (;).

Aliases are expanded whenever a command line or the command list in ado clauseis
about to be executed.

Words consisting of alphanumeric characters enclosed in backquotes ( ) are expanded.
If no corresponding alias is found they are replaced by null strings. If the character
following the closing backquote is non-alphanumeric, the closing backquote may be
omitted. If the word is the first word of a command, the opening backquote may be
omitted. To use a backquote in acommand, precede it with another backquote.
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7.4.6 arguments
The ar gunent s command shows the arguments that were passed to the current, or
other active procedure.
Syntax
The syntax of ar gunent s is:
argunents {context}
where:
cont ext specifiesthe program context to display. If cont ext isnot specified, the
current context is used (normally the procedure active when the program
was suspended).
Usage
You use the ar gument s command to display the name and context of each argument
within the specified context.
7.4.7 backtrace
Thebackt r ace command prints information about all currently active procedures,
starting with the most recent, or for a given number of levels.
Syntax
The syntax of backt r ace is:
backtrace {count}
where:
count specifies the number of levelsto trace. Thisis an optional argument. If
you do not specify count , the currently active procedures are traced.
Usage
When your program has stopped running, because of a breakpoint or watchpoint, you
use backt r ace to extract information on currently active procedures. You can access
information like the current function, the line of source code calling the function and so
on.
7-14 Copyright © 1997 and 1998 ARM Limited. All rights reserved. ARM DUI 0041C
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The br eak command allows you to specify breakpoints.

Syntax

The syntax of the br eak command is:

break{/size} {loc {count} {do '{’ conmand{; conmand}'}'} {if expr}}

where:
/size

| oc

count

do

expr

Usage

specifies which code type to break:
/16 specifies the instruction size as Thumb.
/32 specifies the instruction size as ARM.

With no si ze specifier, br eak tries to determine the size of breakpoint
to use by extracting information from the nearest symbol at or below the
address to be broken. This usually chooses the correct size, but you can
set the size explicitly.

specifies where the breakpoint is to be inserted. For more information,
see Program |l ocations on page 7-50.

specifies the number of times the statement must be executed before the
program is suspended. It defaultsto 1, so if count is not specified, the
program will be suspended the first time the breakpoint is encountered.

specifies commands to be executed when the breakpoint isreached. Note
that these commands must be enclosed in braces, represented in the
pattern above by braces within quotes. Each command must be separated
by semicolons.

If you not specify ado clause, br eak displays the program and source
line at the breakpoint. If you want the source line displayed in
conjunction with thedo clause, usewher e asthefirst commandinthedo
clauseto display the line.

makes the breakpoint conditional upon the value of expr.

The break conmand specifies breakpoints at:
. procedure entry and exit

. lines

o statements within a line.

ARM DUI 0041C
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Each breakpoint is given anumber prefixed by #. A list of current breakpointsand their
numbersisdisplayed if br eak is used without any arguments. If a breakpoint is set at
aprocedure exit, several breakpoints may be set, with one for each possible exit.

Note

Useunbr eak to delete any unwanted breakpoints. Thisis described in unbreak on page
7-45.

7.4.9 call

Thecal | command calls a procedure.

Syntax

The syntax of thecal | command is:

call {/size} loc {(expression-Ilist)}

where:

/size specifies which code type to break:
/16 specifies the instruction size as Thumb.
/32 specifies the instruction size as ARM.
With no si ze specifier, cal | triesto determine the instruction set of the
destination code by extracting information from the nearest symbol at or
below the address to call. This usually chooses the correct size, but you
can set the size explicitly. The command correctly sets the PSR T-bit
before the call and restores it on exit.

I oc isafunction or low-level address.

expression_|ist
isalist of argumentsto the procedure. String literals are not permitted as
arguments. If you specify more than one expression, separate the
expressions with commas.

Usage

If the procedure (or function) returns avalue, examineit using:

print $result  forinteger variables

print $fpresult for floating-point variables.
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Thecopr oc command describesthe register set of acoprocessor and specifies how the
contents of the registers are formatted for display.

Syntax

The syntax of the copr oc command is:

coproc cpnum{rno{:rnol} size access val ues {displ aydesc}*}*
where:

si ze isthe register size in bytes.

access may comprise the letters:
R the register is readable.
W the register is writable.

D the register is accessed through CPDT instructions (if
not present, the register is accessed through CPRTS).

val ues the format depends on whether the register is to be accessed
through CPRT instructions. If so, it comprises four integer values
separated by a space or comma. These valuesform bits0to 7 and
16 to 23 of a MRC instruction to read the register, and bits0to 7
and 16 to 23 of a MCRinstruction to write the register:

ro_7, r16_23, w0_7, wil6_23

If not, it comprisestwo integer valuesto form bits 12 to 15 and bit
22 of CPDT instructions to read and write the register:

b12_15, b22

di spl aydesc isone of the itemslisted in Table 7-2 on page 7-18.

Usage

Each command may describe one register, or arange of registers, that are accessed and
formatted uniformly.

Example

For example, the floating-point coprocessor might be described by the command:

copro 1 0:7 16 RWD 1,8
8 4 RWO0x10, 0x30, 0x10, 0x20 wO[ 16: 20] 'izoux’ "_" wO[O0: 4] 'izoux’
9 4 RW0x10, 0x50, 0x10, 0x40

ARM DUI 0041C
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Table 7-2 Values for displaydesc argument

Item Definition
string isprinted asis.
field string string istobeusedasaprintf format string to display the value
of field.
field is one of the forms:
wn the whole of the nth word of the
register value
w bi t] bit bi t of the nth word of the
register value
wn[ bi t1: bit2] bitsbit1tobit2inclusiveof the
nth word of the register value. The
bits may be given in either order.
field '{' string {string}* '}’ field must take be either wn[ bi t] orwn[ bi t 1: bi t 2] . There
must be one string for each possible value of f i el d. The
string in the appropriate position for thevalueof f i el d is
displayed (the first string for value 0, and so on).
field 'letters’ field must take one of the formswn[ bi t] or

wn[ bi t 1: bi t 2] above. There must be one character in
| ettersforeachbitof fi el d. Theletters are displayed
in uppercase if the corresponding bit of thefield is set, and
inlowercase if itis clear. Thefirst |etter represents the
lowest bitif bi t 1 < bi t 2. Otherwise it represents the
highest bit.
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7.4.11 context

The cont ext command sets the context in which the variable lookup occurs.

Syntax
The syntax of the cont ext command is:
cont ext context
where:
cont ext specifiesthe program context. If cont ext isnot specified, the context is
reset to the active procedure.
Usage
The cont ext command affects the default context used by commands which take a
context as an argument. When program execution is suspended, the search context is set
to the active procedure.
7.4.12 cregisters
Thecr egi st er s command displays the contents of all readable registers of a
COProcessor.
Syntax
The syntax of the cregisters command is:

cregisters cpnum

where
cpnum selects the coprocessor.
Usage

The contents of the registersis displayed in the format specified by an earlier copr oc
command. The formatting options are described in Table 7-2 on page 7-18.
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7.4.13 cregdef
The cr egdef command describes how the contents of a coprocessor register are
formatted for display.
Syntax
The syntax of the cr egdef commandis:

cregdef cpnum rno di spl aydesc

where:

cpnum selects the coprocessor.

rno selects the register number in the selected coprocessor.

di spl aydesc describes how the processor contents are formatted for display.
Usage

The contents of the registersis displayed according to the formatting options described
in Table 7-2 on page 7-18.

7.4.14 cwrite

Thecw i t e command writes to a coprocessor register.

Syntax
The syntax of thecwr i t e command is:

cwite cpnumrno val{val...}*

where:

cpnum selects the coprocessor.

rno selects the register number in the named coprocessor.

val each val isaninteger value and there must be one val item for each
word of the coprocessor register.

Usage

Before you write to a coprocessor register, you must define that register as writable.
Thisis described in coproc on page 7-17.
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The exani ne command allows you to examine the contents of memory.

Syntax

The syntax of the exam ne command is:

exam ne {expressionl} {, {+}expression2 }

where:

expressionl

expressi on2

Usage

givesthe start address. The default address used is either:

the address associated with the current context, minus 64, if
the context has changed since the dastri ne command
was issued

the address following the last address displayed by the last
exanm ne command, if the context has not changed since the
lastexanm ne command was issued.

specifies the end address, which may take three forms:

if omitted, the end address is the value of the start address
+128

if expressi on2is preceded by +, the end address is given
by the value of the start lineeixpr essi on2

if there is no +, the end line is the valueegpr essi on2.

The$exani ne_I i nes variable can be used to alter the default
number of lines displayed from its initial value of 8 (128 bytes).

This command allows you to examine the contents of the memory between a pair of
addresses, displaying it in both hexadecimal and ASCII formats, with 16 bytes per line.
Low-level symbols are accepted by default.
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7.4.16 find
Thefi nd command finds all occurrencesin memory of a given integer value or
character string.
Syntax
The syntax of the find command is either of the following:
find expressionl {, expression2 {, expressi on3}}

find string {, expression2 {, expressi on3}}

where:

expressi onl gives the words in memory to search for

expressi on2 specifies the lower boundary for the search. If expr essi on2is
absent, the base of the currently loaded imageis used.

expressi on3 specifies the upper boundary for the search. If expr essi on3is
absent, the top (R/W limit) of the currently loaded image is used.

string specifies the string to search for.

Usage

If the first form is used, the search is for wordsin memory whose contents match the
value of expressi onl.

If the second form is used, the search is for a sequence of bytesin memory (starting at
any byte boundary) whose contents match those of st ri ng.

Low-level symbols are accepted by default.
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Thef pr egi st er s command displays the contents of the eight floating-point registers
fO to 7 and the floating-point processor status register (FPSR).

Syntax

The syntax of thef pr egi st er s command is:

fpregisters[/full]

where:

[full includes detailed information on the floating-point numbersin the
registers.

Usage

There are two formats for the display of floating-point registers.

fpregisters displays the registers and FPSR, and the full version includes
detailed information on the floating-point numbersin the
registers. This produces the following display:

fo=0 f1 = 3.1415926535
f2 = Inf f3 =0

f4 = 3.1415926535 f5 =1

f6 =0 f7 =0

fpsr = % ZQux_i zoux

fpregisters/full
produces a more detailed display:

fo =1 + Ox3fff 1 0x0000000000000000
f1 =1 + 0x4000 1 0x490f daa208ba2000
f2 =1 +u0Ox43ff 1 0x0000000000000000
f3 =1 - 0x0000 0 0x0000000000000000
f4 =1 + 0x4000 1 0x490f daa208ba2000
f5 =1 + Ox3fff 1 0x0000000000000000
fé =1 + 0x0000 0O 0x0000000000000000
f7 =1 + 0x0000 1 0x0000000000000000

fpsr = 0x01070000

(Notethat f pregi sters/ful | doesnot output both sets of
values.)

The format of this display is (for example):
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F S Exp J Mantissa
| +uOx43ff 1 0x0000000000000000
where:
F isaprecision/format specifier:
F single precision
D double precision
E extended precision
I internal format
P packed decimal
S isthe sign.
Exp is the exponent.
J isthe bit to the left of the binary point.
Manti ssa are the digits to the right of the binary point.
u The u between the sign and the exponent

indicates that the number is flagged as
uncommon, in this example infinity. This
applies only to internal format numbers.

In the FPSR description, the first set of letters indicates the
floating-point mask and the second the floating-point flags. The
status of the floating-point mask and flag bitsisindicated by their
case. Uppercase meansthe flag is set and lowercase meansthat it
iscleared.

Theflags are:

| Invalid operation

z Divide by zero
) Overflow

u Underflow

X I nexact
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7.4.19 getfile
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The go command starts execution of the program.

Syntax
The syntax of the go command is:

go {while expression}

where:

whi | e If whi | e isused, expr essi on isevaluated when a breakpoint is
reached. If expr essi on evaluates to true (that is. non-zero), the
breakpoint is not reported and execution continues.

expression specifies the expression to evaluate.

Usage

Thefirsttimego isexecuted, the program startsfromitsnormal entry point. Subsequent
go commands resume execution from the point at which it was suspended.

Theget fi | e command reads from afile and writes the content to memory.

Syntax
The syntax of theget fi | e command is:

getfile filename expression

where:

fil enane names the file to read from.
expression defines the memory location to write to.
Usage

The contents of the file are read as a sequence of bytes, starting at the address whichis
the value of expr essi on. Low-level symbols are accepted by default.
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7.4.20 help
The hel p command displays alist of available commands, or help on commands.
Syntax
The syntax of the hel p command is:
hel p { conmand}
where:
comand is the name of the command you want help on.
Usage
Thedisplay includes syntax and a brief description of the purpose of each command. If
you need information about all commands, as well as their names, typehel p *.
7.4.21 in

Thei n command changes the current context by one activation level.

Syntax
The syntax of the in command is:

in

Usage

Thei n command sets the context to that called from the current level. It is an error to
issueani n command when no further movement in that direction is possible.
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Thei st ep command steps execution through one or more instructions.

Syntax

The syntax of thei st ep command is:

istep {in} {count|while} expression}
istep out

Usage

This command is analogous to the st ep command except that it steps through one
instruction at atime, rather than one high-level language statement at atime.

Thel anguage command sets the high-level language.

Syntax

The syntax of the language command is:
| anguage {/anguage}

where:

I anguage  specifies the language to use. Enter one of the following:

. none

. C

. F77

. PASCAL
. ASM

Usage

The symbolic debugger uses any high-level debugging tables generated by a compile
to set the default language to the appropriate one for that compiler, whether it is Pasca
Fortran or C. If it does not find high-level tables, it sets the default language to none,
and modifies the behavior afier e andst ep so that:

wher e reports the current program counter and instruction

step steps by one instruction
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7.4.24 et
Thel et command allowsyouto changethe value of avariable or contents of amemory
location.
Syntax
The syntax of thel et command is:

{let} {variable | location} = expression{{,} expression}*

where:

vari abl e names the variable to change.

l ocat i on names the memory location to change.
expressi on contains the expression or expressions.
Usage

Thel et command isused in low-level debugging to change memory. If the left-side
expression is aconstant or atrue expression (and not avariable), it istreated as aword
address, and memory at that location (and if necessary the following locations) is
changed to the valuesin the following expression(s).

An equals sign (=) or acolon (:) can separate the variable or location from the
expression. If multiple expressions are used, they must be separated by commas or
spaces.

Variables can only be changed to compatible types of expression. However, the
debugger convertsintegersto floating-point and vice versa, rounding to zero. Thevalue
of anarray can be changed, but not its address, because array names are constants. If the
subscript is omitted, it defaults to zero.

If multiple expressions are specified, each expressionisassigned tovar i abl e[ n-1] ,
where n is the nth expression.

See also let on page 7-57 for more information on the | et command.
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Specifying the source directory

Thevariable $sour cedi r isused to specify the directory or directories which contain
the program source files. It can be set using the command:

{let} $sourcedir = string
where st ri ng should be avalid directory name. For example:
| et $sourcedi r=nmyhone

The debugger reassigns the value of $sour cedi r and stores the two values di r and
old_ dir:

ARVBD: | et $sourcedir = "tenp"
ARMSD: p $sourcedir

"t enp"
ARMSD: | o dhry
ARVSD: b main: 119
ARVBD: go

Dhryst one Benchnark, Version 2.1 (Language: C)

Program conpil ed without 'register’ attribute
Breakpoint #1 at #dhry_l1l:main, line 119 of dhry_1.c
119 printf ("\n");

ARMSD: p $sourcedir
"tenp source_dir"

You can also include pathnames for directory trees, for example:

| et $sourcedi r=myhone src src/src2 src/src2/src3

Note
No warning is displayed if you enter an invalid file or pathname.

Command-line arguments

Command-line arguments for the debuggee can be specified using the | et command
with the root-level variable $cndl i ne. The syntax in this caseis:

{let} $cndline = string

The program nameis automatically passed asthefirst argument, and thus should not be
included in the string. The setting of $cndl i ne can be examined using pri nt .
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go starts execution of the program.

getfile reads the contents of an area of memory from afile.
| oad loads an image for debugging.

putfile writes the contents of an area of memory to afile.

rel oad reloads the object file specified on the armsd command line, or the last
load command.

type types the contents of asourcefile, or any text file, between a specified
pair of line numbers.

Reading and writing bytes and halfwords (shorts)
When you specify awrite to memory in armsd, aword value is used. For example:
| et 0x8000 = 0x01

makes armsd transfer aword (4 bytes) to memory starting at the address 0x8000. The
bytes at 0x8001, 0x8002 and 0x8003 are zeroed.

To write only asingle byte, you must indicate that a byte transfer isrequired. You can
do thiswith:

l et *(char *)Oxaddress = val ue

Similarly, to read from an address use:

print *(char *)Oxaddress

You can aso read and write half-words (shorts) in a similar way:
let *(short *)0x8000 = val ue

print /% *(short *)0x8000

where/ % displaysin hex.
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Thel i st command displays the contents of the memory between a specified pair of
addresses in hexadecimal, ASCII and instruction format, with four bytes (one

instruction) per line.

Syntax

The syntax of thel i st command is:

List{/size} {expressioni}{, {+}expression2 }

where:

size

expressi onl

expressi on2

Usage

distinguishes between ARM and Thumb code:

/16
/32

lists as Thumb code.
lists as ARM code.

With nosi ze specifier, | i st triesto determinetheinstruction set
of the destination code by extracting information from the nearest
symbol at or below the address to start the listing.

givesthe start address. If unspecified, this defaults to either:

the address associated with the current context minus 32, if
the context has changed since thellast command was
issued

the address following the last address displayed by the last
I i st command, if the context has not changed since the last
I i st command was issued.

gives the end address. It may take three forms:

if expressi on2is omitted, the end address is the value of
the start address + 64

if it is preceded by +, the end address is the start line +
expressi on2

if there is no +, the end line is the valueegpr essi on2.

The$l i st _I i nes variable can alter the default number of lines displayed from its
initial value of 16 (64 bytes).

Low-level symbols are accepted by default.
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7.4.26 load
Thel oad command loads an image for debugging.
Syntax
The syntax of thel oad command is:
| oad{/ profile-option} inmage-file {argunents}
where:
profile-option specifieswhich profiling option to use:

/ cal | graph directs the debugger to provide theimage
being loaded with counts which enable the
dynamic call-graph to be constructed (for
use with profiling).

Iprofile directs the debugger to prepare the image
being loaded for flat profiling.

i mge-file is the name of the file to be debugged.
argunent s are the command-line arguments the program normally takes.
Usage
i mage-fil e and any necessary ar gunment s may also be specified on the
command-line when the debugger isinvoked. See Command-line options on page 7-3
for more information.
If no arguments are supplied, the arguments used in the most recent load or reload,
setting of $cndl i ne, or command-line invocation are used again.
Thel oad command clears all breakpoints and watchpoints.
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Thel og command sends the output of subsequent commandsto afile aswell asto the
screen.

Syntax

The syntax of thel og command is:

log filenane

where:

filename isthe name of the file where the record of activity is being stored.

Usage

To terminate logging, type | og without an argument. The file can then be examined
using atext editor or thet ype command.

Note
The debugger prompt and the debug program input/output is not logged.
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7.4.28 Isym
Thel symcommand displays low-level symbols and their values.
Syntax
The syntax of thel symcommand is:
|l sym pattern
where:
pattern isasymbol name or part of a symbol name.
Usage
Thewildcard (*) matches any number of characters at the start and/or end of the pattern:
I sym *fred displays information about fred, alfred
| sym fred* displays information about fred, frederick
| sym *fred* displaysinformation about alfred, alfreda, fred, frederick
The wildcard ? matches one character:
| sym ??fred matches Alfred
| sym Jo? matches Joe, Joy, and Jon
7.4.29 obey

The obey command executes a set of debugger commands which have previously been
stored in afile, asif they were being typed at the keyboard.

Syntax

The syntax of the obey command is:

obey command-file

where:

command-file isthefile containing the list of commands for execution.

Usage

You can store frequently-used command sequencesin files, and call them using obey.
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7.4.30 out
The out command changes the current context by one activation level and sets the
context to be that of the caller of the current context.
Syntax
The syntax of the out commandis:

out

Usage
It isan error to issue an out command when no further movement in that direction is
possible.

7.4.31 pause

The pause command prompts you to press a key to continue.

Syntax

The syntax of the pause command is:
pause pronpt-string

where:

pronpt-string isacharacter string writtentostderr.

Usage

Execution continues only after you press akey. If you press ESC while commands are
being read from afile, the fileis closed before execution continues.
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7.4.32 print
Thepri nt command examines the contents of the debugged program’s variables, or
displays the result of arbitrary calculations involving variables and constants.
Syntax
The syntax of the pri nt command is:

print{/ format} expression

where:

/ for mat selectsadisplay format, asdescribed in Table 7-1 on page 7-11. If
no/format stringisentered, integer values default to the format
described by the variable $f or mat . Floating-point values use the
default format string %g.

expressi on enters the expression for evaluation.

Usage

Pointer values are treated as integers, using a default fixed format % 8x, for example,
000100e4.

See also print on page 7-56 for more information on the pri nt command.

7.4.33  profclear

The pr of ¢l ear command clears profiling counts.

Syntax
The syntax of the pr of cl ear command is:

prof cl ear

Usage

For more information on the ARM profiler, refer to Chapter 8 Toolkit Utilities.
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7.4.34  profoff

The pr of of f command stops the collection of profiling data.

Syntax
The syntax of the pr of of f command is:

pr of of f

Usage

For more information on the ARM profiler, refer to Chapter 8 Toolkit Utilities.

7.4.35 profon

The pr of on command starts the collection of profiling data.

Syntax

The syntax of the pr of on command is:
profon {interval}

where:

interval isthetime between PC-sampling in microseconds.

Usage
Lower valueshave ahigher performance overhead, and slow down execution, but higher
values are not as accurate.

7.4.36 profwrite

The pr of wri t e command writes profiling information to afile.

Syntax

The syntax of the pr of wri t e command is:
profwite {filenane}

where:

filename isthe name of thefileto contain the profiling data.
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Usage
The generated information can be viewed using the ar npr of utility. Thisis described
in Chapter 8 Toolkit Utilities.
7.4.37 putfile
Theput fi | e command writes the contents of an area of memory to afile. Thedatais
written as a sequence of bytes.
Syntax
The syntax of the put fi | e commandis:

putfile filenane expressionl, {+}expression2

where:

fil ename specifies the name of the file to write the datainto.

expressi onl specifies the lower boundary of the area of memory to be written.
expressi on2 specifies the upper boundary of the area of memory to be written.
Usage

The upper boundary of the memory areais defined as follows:

. if expressi on2 is not preceded by-acharacter, the upper boundary of the
memory area is the value of:
expression2 - 1

. if expr essi on2is preceded by-acharacter, the upper boundary of the memory
area is the value of:

expressionl + expression2 - 1.

Low-level symbols are accepted by default.
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7.4.38 quit

The qui t command terminates the current armsd session.

Syntax
The syntax of the qui t command is:

qui t

Usage

This command also closes any open log or obey files.

7.4.39 readsyms
Ther eadsynms command loads debug information from a specified file (like the
synbol s command).
Syntax
The syntax of ther eadsyns command is:

readsymns

Usage

The corresponding code must be present in another way (for example, viaaget fi | e,
or by being in ROM).
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7.4.40 registers
Ther egi st er s command displaysthe contents of ARM registers0to 14, the program
counter, and the status flags contained in the processor status register.
Syntax
The syntax of ther egi st ers command is:

regi sters {node}

where:

nmode selects the registers to display. For alist of mode names, refer to
Predefined symbols on page 7-60.
This option may also take the value al | , where the contents of all
registers of the current mode are displayed, together with all banked
registers for other modes with the same address width.

Usage

If used with no arguments, or if node isthe current mode, the contents of all registers
of the current mode are displayed. If the nbde argument is specified, but is not the
current mode, the contents of the banked registers for that mode are displayed.

A sample display produced by r egi st er s might look like this:

Example 7-1
RO = 0x00000000 R1 = 0x00000001 R2 = 0x00000002 R3 = 0x00000003
R4 = 0x00000004 R5 = 0x00000005 R6 = 0x00000006 R7 = 0x00000007
R8 = 0x00000008 R9 = 0x00000009 R10= 0x0000000a R11= 0x0000000b
R12= 0x0000000c R13= 0x0000000d R14= 0x0000000e
PC = 0x00008000 PSR= %N\zcVI F_SVC26
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Ther el oad command rel oads the object file specified on the armsd command line, or
with thelast | oad command.

Syntax

The syntax of ther el oad command is:

rel oad{/ profil e-option} {argunments}

where

profile-option gspecifieswhich profiling option to use:

/ cal | graph tells the debugger to provide the image
being |oaded with counts to enable the
dynamic call-graph to be constructed (for
use with profiling).

Iprofile directs the debugger to prepare the image
being loaded for flat profiling.

argunent s are the command-line arguments the
program normally takes. If no ar gunent s
are specified, theargumentsused inthemost
recent load or rel oad setting of $cndl i ne or
command-line invocation are used again.
Usage

Breakpoints (but not watchpoints) remain set after ar el oad command.

Ther et ur n command returns to the caller of the current procedure, passing back a
result where required.

Syntax

The syntax of ther et ur n command is:

return {expression}

where:

expression contains the expression to be evaluated.
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Usage

You cannot specify thereturn of aliteral compound datatype such as an array or record
using thiscommand, but you can return the value of avariable, expression or compound

type.
7.4.43 step

The st ep command steps execution through one or more program statements.

Syntax

The syntax of the st ep command is:

step {in} {out} {count|wWhile} expression} step out

where:

in continues single-stepping into procedure calls, so that each
statement within a called procedure is single-stepped. If i n is
absent, each procedure call counts as a single statement and is
executed without single stepping.

out steps out of afunction to the line of originating code which
immediately follows that function. Thisisuseful whenstep in
has been used too often.

count specifies the number of statementsto be stepped through: if it is
omitted only one statement will be executed.

whi | e continues single-stepped execution until its expr essi on
evaluates as false (zero).

expressi on is evaluated after every step.

Usage

To step by instructions rather than statements:

. use tha st ep command

. or entell anguage none.
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The synbol s command lists all symbols defined in the given or current context, with
their type information.

Syntax

The syntax of the synbol s command is:

synbol s {cont ext}

where:

cont ext defines the program context:

. To see global variables, defiaent ext as the filename with no
path or extension.

. To see internal variables, usgnbol s $.

Usage
The information produced is listed in the form:

nanme type, storage-class
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7.4.45 type
Thet ype command types the contents of a source file, or any text file, between a
specified pair of line numbers.
Syntax
The syntax of thet ype command is:

type {expressioni} {, {{+}expression2} {,filenane} }

where:
expressi onl givesthe start line. If expr essi on1 is omitted, it defaults to:

. the source line associated with the current context minus 5,
if the context has changed since thedgste command was
issued

. the line following the last line displayed with thepe
command, if the context has not changed.

expressi on2 gives the end line, in one of three ways:

. if expr essi on2is omitted, the end line is the start line +10

. if expressi on2 is preceded by, the end line is given by
the value of the start line expr essi on2

. if there is not+, the end line is simply the value of
expressi on2.

Usage

To look at a file other than that of the current context, specify the filename required and
the locations within it.

To change the number of lines displayed from the default setting of 10, use the
$t ype_l i nes variable.
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The unbr eak command removes a breakpoint.

Syntax

The syntax of the unbr eak command is:
unbreak {/ocation | #breakpoi nt_nun
where:

I ocation is asource code location.

breakpoi nt _num isthe number of the breakpoint

Usage
If thereisonly one breakpoint, delete it using unbr eak without any arguments.

—— Note

A breakpoint always keeps its assigned number. Breakpoints are not renumbered when
another breakpoint is deleted, unless the deleted breakpoint was the last one set.

The unwat ch command clears a watchpoint.

unwat ch

Syntax

The syntax of the unwat ch command is:

unwat ch {variabl e | #watchpoi nt_nunber}

where:

variabl e isavariable name.

vari abl e isthe number of awatchpoint (preceded by #) set using thewat ch
command.

Usage

If only one watchpoint has been set, delete it using unwat ch without any arguments.
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7.4.48 variable
Thevari abl e command provides type and context information on the specified
variable (or structure field).
Syntax
The syntax of thevari abl e command is:
vari abl e vari abl e
where:

vari abl e  specifiesthe variable to examine.

Usage

vari abl e can also return the type of an expression.

7.4.49 watch

Thewat ch command sets a watchpoint on a variable.

Syntax

The syntax of thewat ch command is:
wat ch {vari abl e}

where:

vari abl e namesthe variable to watch.

Usage

If vari abl e isnot specified, alist of current watchpointsis displayed along with their
numbers. When the variableisaltered, program execution is suspended. Aswithbr eak
and unbr eak, these numbers can subsequently be used to remove watchpoints.

Bitfields are not watchable.

If EmbeddedI CE is avail able, ensure that watchpoints use hardware watchpoint
registers to avoid any performance penalty.
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Note

When using the C compiler, be aware that the code produced can use the same register
to hold more than one variableif their lifetimes do not overlap. If the register variable
you are investigating is no longer being used by the compiler, you may see avalue
pertaining to a completely different variable.

Adding watchpoints may make programs execute very slowly, because the value of
variables hasto be checked every time they could have been altered. It ismore practical
to set abreakpoint in the area of suspicion and set watchpoints once execution has
stopped.

Thewher e command prints the current context and shows the procedure name, line
number in the file, filename and the line of code.

Syntax

The syntax of the wher e command is:

where {context}

where:

cont ext specifies the program context to examine.

Usage

If acontext is specified after the wher e command, the debugger displays the location
of that context.
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7.4.51

while

Thewhi | e command isonly useful at the end of an existing statement. You enter

multi-statement lines by separating the statementswith ; characters.

Syntax

The syntax of the whi | e command is:

statenent; {statement;} while expression
where:

expression gives the expression to be evaluated.

Usage

Interpretation of the line continues until expr essi on evaluatesto false (zero).
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7.5 Specifying source-level objects
This section gives information on variables, program locations, expressions and
constants.

75.1 Variable names and context

You can usually just refer to variables by their names in the original source code. To
print the value of avariable, type:

print variable

High-level languages

With structured high-level languages, variables defined in the current context can be
accessed by giving their names. Other variables should be preceded by the context (for
example. filename of the function) in which they are defined. This also gives accessto
variables that are not visible to the executing program at the point at which they are
being examined. The syntax in this caseis:

procedure: vari abl e

Global variables

Global variables can be referenced by qualifying them with the module name or
filenameif thereis likely be any ambiguity. For example, because the module nameis
the same as a procedure name, you should prefix the filename or module name with #.
The syntax in thiscaseis:

#nodul e: vari abl e

Ambiguous declarations

If avariableis declared more than once within the same procedure, resolve the
ambiguity by qualifying the reference with the line number in which the variable is
declared as well as, or instead of, the function name:

#nmodul e: procedure: | i ne-no: vari abl e
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Variables within activations of a function

To pick out a particular activation of arepeated or recursive function call, prefix the
variable name with abackslash (\) followed by aninteger. Use 1 for the first activation,
2 for the second and so on. A negative number will look backwards through activations
of the function, starting with \-1 for the previous one. If no number is specified and
multiple activations of afunction are present, the debugger always looks at the most
recent activation.

To refer to avariable within a particular activation of afunction, use:
procedure\{-}activation-nunber: variabl e

Expressing context

The complete syntax for the various ways of expressing context is:

{#} nodul e{{: procedur e} *
{\{-}activation-nunber}}
{#} procedure{{: procedure}*
{\{-}activation-nunber}}

#

Specifying variable names
The complete syntax for specifying avariable nameis:

{context:.{line-nunber: ::}}variable

The various syntax extensions needed to differentiate between different objects rarely
need to be used together.

7.5.2 Program locations

Some commands require argumentsthat refer to locationsin the program. You can refer
to alocation in the program by:

. procedure entry and exit
. program line numbers
. statement within a line.

In addition to the high-level program locations described here, low-level locations can
also be specified. Seé@w-level symbols on page 7-59 for further details.
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Procedure entry and exit

Using a procedure name alone sets a breakpoint (see break on page 7-15) at the entry
point of that procedure. To set a breakpoint at the end of a procedure, just before it
returns, use the syntax:

procedur e: $exi t

Program line numbers
Program line numbers can be qualified in the same way as variable names, for example:

#nmodul e: 123
procedure: 3

Line numbers can sometimes be ambiguous, for examplewhen afileisincluded within
afunction. To resolve any ambiguities, add the name of thefile or modulein which the
line occursin parentheses. The syntax is:

number ( fil enane)

Statement within aline

To refer to astatement within aline, use the line number followed by the number of the
statement within the line, in the form:

|'i ne- nunber. st at enent - nunber

So, for example, 100. 3 refersto the third statement in line 100.

7.5.3 Expressions

Some debugger commands require expressions as arguments. Their syntax is based on
C. A full set of operatorsisavailable. The lower the number, the higher the precedence
of the operator. These are shown in the following table, in descending order of
precedence.

Table 7-3 Precedence of operators

Precedence Operator Purpose Syntax
1 ) Grouping a* (b +c)
[] Subscript i sprime[n]
Record selection rec.field,a.b.c
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Table 7-3 Precedence of operators (Continued)

Precedence Operator Purpose Syntax
rec- >next -> Indirect selection rec->next isidentical to
(*rec) . next
2 ! Logica NOT Ifinished
~ Bitwise NOT ~mask
- Unary minus -a
* Indirection *ptr
& Address &var
3 * Multiplication a*b
/ Division al b
% Integer remainder a %b
4 + Addition a+bhb
- Subtraction a-»b
5 >> Right shift a >> 2
<< L eft shift a > 2
6 < Lessthan a<hb
> Greater than a>bhb
<= Less than or equal a<=b
>= Greater thanorequal a >= b
7 == Equal a==20
I = Not equal al=0
8 & Bitwise AND a&hb
9 N Bitwise EOR a”™b
10 [ Bitwise OR al b
11 && Logica AND a &b
12 | ] Logical OR al| b
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Subscripting can only be applied to pointers and array hames. The symbolic debugger
checks both the number of subscripts and their bounds, in languageswhich support such
checking. It isinadvisable to use out-of-bound array accesses. Asin C, the name of an
array may be used without subscripting to yield the address of the first element.

The prefix indirection operator * is used to de-reference pointer values. If ptr isa
pointer, * pt r yields the object to which it points.

If theleft-hand operand of aright shiftisasigned variable, the shift isan arithmetic one
and the sign bit is preserved. If the operand is unsigned, the shift isalogical one and
zero is shifted into the most significant bit.

—— Note
Expressions must not contain function calls that return non-primitive values.

Constants may be decimal integers, floating-point numbers, octal integers or
hexadecimal integers. Note that 1 is an integer whereas 1. is a floating-point number.

Character constants are also allowed. For example, Ayields 65, the ASCII code for the
character A.

Address constants may be specified by the address preceded with an @symbol. For
commands which accept low-level symbols by default, the @may be omitted.
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7.6 Armsd variables
This section lists the variables available in armsd, and givesinformation on
manipulating them.

7.6.1 Summary of armsd variables

Many of the debugger’s defaults can be modified by setting variables. Table 7-4 liststhe
variables. Most of these are described elsewhere in this chapter in more detail.

Table 7-4 armsd variables

Variable Description

$cl ock number of microseconds since simulation started. Thisvariable
isread-only. Thisvariable isread only, and is only available if
aprocessor clock speed has been specified (See the ARM
Software Development Toolkit User Guide for information on
how to specify the emulated processor clock speed)

$cndl i ne argument string for the debuggee.

$echo non-zero if commands from obeyed files should be echoed
(initially set to 01).

$exam ne_l i nes default number of lines for the exam ne command (initialy
set to 8).

$i nt _f ormat default format for printing integer values (initially set to %ld").

$f | oat _f or mat default format for printing floating-point values (initially set to
%ld").

$f presul t floating-point value returned by last called function (junk if

none, or if afloating-point value was not returned). This
variable isread-only. $f pr esul t returnsaresult only if the
image has been build for hardware floating-point. If the image
is built for software floating-point, it returns zero.

$i nput base base for input of integer constants (initially set to 10).
$list_lines default number of linesfor list command (initially set to 16).

$nenory_statistics  outputsany memory map statistics which the ARMulator has
been keeping. This variable is read-only. See the ARM
Software Development Toolkit User Guide for further details.

$rdi _| og rdi logging is enabled if non-zero, and serial linelogging is
enabled if bit 1 is set (initialy set to 0).
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Table 7-4 armsd variables (Continued)

Variable

Description

$resul t

$sour cedir

$statistics

$statistics_inc

$t op_of _nenory

$type_lines

$vect or _catch

integer result returned by last called function (junk if none, or
if aninteger result was not returned). Thisvariableis
read-only.

directory containing source code for the program being
debugged (initially set to the current directory).

outputs any statistics which the ARMulator has been keeping.
Thisvariable isread-only.

similar to $st at i sti cs, but outputs the difference between
the current statistics and those when $st at i sti cs waslast
read. Thisvariableis read-only.

Thisis used to enable EmbeddedI CE to return sensible values
when aHEAP_INFO SWI cal is made to determine where the
heap and stack should be placed in memory. The default is
0x80000 (512K B). This should be modified before executing a
program on the target if the memory size available differs from
this.

default number of linesfor thet ype command.

indicates whether or not execution should be caught when
various conditions arise. The default value is %RUs PDAI f E.
Capital lettersindicate that the condition is to be intercepted:

reset

undefined instruction
SWi

prefetch abort

data abort

> U T »w C =T

address exception
[ IRQ
FIQ

E Error (for Demon only. Do not use for Angel)

T
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armsd internal variables

The variablesin Table 7-5 are included to support Embeddedl CE and Multi-ICE.

Table 7-5 armsd variables for EmbeddedICE

Variable Description

$i cebr eaker _| ockedpoi nts  showsor setslocked Embedded! CE macrocell

points.

$semi hosti ng_enabl ed enables or disables semihosting.

$sem hosti ng_vector sets up semihosting SWI vector. Semihosting is
described in the ARM Software Devel opment Tool kit
User Guide.

$sem hosting_arm swi defineswhich ARM SWis are interpreted as

semihosting requests by the debug agent.

$sem hosti ng_t hunb_swi defines which Thumb SWis are interpreted as
semihosting requests by the debug agent.

7.6.2 Accessing variables

The following commands are available for accessing variables.

print

This command examines the contents of the debugged program’s variables, or displays
the result of arbitrary calculations involving variables and constants. Its syntax is:

p{rint}{/ format} expression
For example:

print/% |istp->next
printsfield next of structurel i st p.

If no format string is entered, integer values default to the format described by the
variable$f or mat . Floating-point values usethe default format string %g. Pointer values
aretreated as integers, using a default fixed format % 8x, for example, 000100e4.
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let

Thel et command alowsyou to changethe value of avariable or contents of amemory
location. Its syntax is:

{l et} variable = expression{{,} expression}*
{l et} nmenory-location = expression{{,} expression}*

An equalssign(=) or acolon(:) can be used to separate the variable or location from the
expression. If multiple expressions are used, they must be separated by commas or
spaces.

Variables can only be changed to compatible types of expression. However, the
debugger will convert integers to floating-point and vice versa, rounding to zero. The
value of an array can be changed, but not its address, because array names are constants.
If the subscript isomitted, it defaultsto zero. If multiple expressions are specified, each
expression isassigned to vari abl e[ n- 1], where n isthe nth expression.

Thel et command isused in low-level debugging to change memory. If the left-hand
side expression is a constant or atrue expression (and not avariable) it istreated asa
word address, and memory at that location (and if necessary the following locations) is
changed to the values in the following expression(s).

Available variable formats are now:
. $f or mat _i nt

. $f or mat _ui nt

. $f or mat _f | oat

. $f or mat _sbyte

. $f or mat _ubyte

. $format _string

. $f or mat _conpl ex.

7.6.3 Formatting integer results

You can set the default format string used bypthient command for the output of
integer results by usinget with the root-level variabléf or mat . This is initially set
to %al.

{let} $format = string

Note

When using floating-point formats, integers will not print correctly. The contents of
st ri ng should be a format as describedNaimes used in syntax descriptions on page
7-10.
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7.6.4 Specifying the base for input of integer constants
You usethe$i nput base variableto set the base used for the input of integer constants.
{l et} &inputbase = expression

If the input baseis set to 0, numbers will be interpreted as octal if they begin with O.
Regardless of the setting of $i nput base, hexadecimal constants are recognized if they
begin with Ox.

Note

$i nput base only specifiesthebasefor theinput of numbers. Specify the output format
by setting $f or mat to an appropriate value.
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7.7 Low-level debugging

Low-level debugging tablesare generated automatically when programsarelinked with
the - debug flag set (thisis enabled by default). You cannot include high-level
debugging tablesin an image without also including low-level debugging tables. There
is no need to enable debugging at the compilation stage for low-level debugging only;
you just specify debugging when linking the program.

7.7.1 Low-level symbols
Low-level symbols are differentiated from high-level ones by preceding them with @

The differences between high and low-level symbols are:

. a low-level symbol for a procedure refers to its call address, often the first
instruction of the stack frame initialization

. the corresponding high-level symbol refers to the address of the code generatec
by the first statement in the procedure.

Low-level symbols can be used with most debugger commands. For example, when
used with thevat ch command they stop execution if the word at the location named by
the symbol changes. Low-level symbols can also be used where a command would
expect an address expression.

Certain commands { st , fi nd, exani ne, putfil e, andget fi | e) accept low-level
symbols by default. To specify a high-level symbol, precede it by

Memory addresses can also be used with commands and should also be pre@ded b

—— Note
Low-level symbols do not have a context and so they are always available.
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7.7.2 Predefined symbols

Thereareseveral predefined symbols, asshownin Table 7-6. To differenti ate these from
any high-level or low-level symbolsin the debugging tables, precede them with #.

Table 7-6 High-level symbols for low-level entities

Symbol Description
ro-ril4 The general-purpose ARM registers 0 to 14.
ris The address of theinstruction which is about to execute. This may include

the condition code flags, interrupt enable flags, and processor mode bits,
depending on the target ARM architecture. Note that this value may be
different from the real value of register 15 due to the effect of pipelining.

pc The address of the instruction which is about to execute.
sp The stack pointer (r13).

Ir The link register (r14)

fp The frame pointer (r11).

psr and cpsr psr and cpsr are synonyms for the current mode’s processor status
register. The values displayed for the condition code flags, interrupt
enable flags, and processor mode bits, are an alphabetic letter per
condition code and interrupt enable flag, and a mode name (preceded by
an underscore) for the mode bits. This mode name will be one of
USER26, IRQ26, FIQ26, SVC26, USER32, IRQ32, FIQ32, SVC32,
UNDEF32, ABORT32 and SY STEM32. Notethat spsr isnot defined if
the processor is not capable of 32-bit operation. See also Application Note
11, Differences Between ARM6 Series and Earlier Processors.

spsr spsr isthe saved status register for the current mode. The values
displayed are listed abovein psr and cpsr .

fo tof7 The floating-point registersOto 7.

f psr The floating-point status register.

fpcr The floating-point control register.

al toa4 These refer to arguments 1 to 4 in aprocedure call (storedin rO to r3).
vl tov7 These refer to the five to seven general-purpose register variables which

the compiler dlocates (stored in r4 to r10).
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Table 7-6 High-level symbols for low-level entities (Continued)

Symbol Description

sb Static base, as used in re-entrant variants of the ARM Procedure Call
Standard (APCS) (r9/v6).

sl The stack limit register, used in variants of the APCS which implement
software stack limit checking (r10/v7).

ip Used in procedure entry and exit and as a scratch register (r12).

Printing register information

All theseregisters can beexamined withthepr i nt command and changed withthel et
command. For example, the following form displays the processor status register (psr):

print/ % #psr

Setting the PSR
Thel et command can also set the psr, using the usual syntax for psr flags.

For example, the N and F flags could be set, the V flag cleared, and thel , Z and Cflags
left untouched and the processor set to 32-bit supervisor mode, by typing:

l et #psr = %\WF_SVC32
The following example changes to User mode:
psr = % User 32

— Note

The percentage sign must precede the condition flags and the underscore which in turn
must precede the processor mode description.

Using # with low-level symbols

Normally, you do not need to use# to access alow-level symbol. You can use# to force
areferenceto aroot context if you see the error message:

Error: Nane not found

For example, use #pc=0 instead of pc=0.
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7.8 armsd commands for EmbeddedICE

The following armsd commands are included for compatibility with Embedded| CE.

7.8.1 listconfig

Thel i st confi g command lists the configurations known to the debug agent.

Syntax

The syntax of thel i st confi g commandis:
listconfig file

where:

file specifies the file where the list of configurationsis written.

7.8.2 loadagent
Thel oadagent command downloads a replacement Embeddedl CE ROM image, and
startsit (in RAM).
Syntax
The syntax of the| oadagent command is:

| oadagent

7.8.3 loadconfig

Thel oadconf i g command loads an Embedded| CE configuration datafile.

Syntax

The syntax of thel oadconfi g command is:
| oadconfig file

where:

file names the EmbeddedI CE configuration datafile to load.
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7.8.4 readsyms
Ther eadsynms command loads an image file containing debug information but does
not download the image.
Syntax
The syntax of ther eadsyns command is:
readsyns file
where:

file names the image file to load.

7.8.5 selectconfig

Thesel ect conf i g command selects the Embedded] CE configuration to use.

Syntax

The syntax of the sel ect confi g command is:

sel ectconfi g nane version

where:

name is the name of the configuration data to be used

version indicates the version which should be used:

any accepts any version number. Thisisthe default.
n uses version n.
n+ uses version n or later.
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7.9 Accessing the Debug Communications Channel

The debugger accesses the debug communication channel using the following
commands.

For more information, see Application Note 38: Using the ARM7TDMI’s Debug
Communication Channel.
7.9.1 ccin

The cci n command selects a file containing Communications Channel data for
reading. This command also enables Host to Target Communications Channel
communication.

Syntax

The syntax of the cci n command is:

ccin filenane

where:

filename namesthe file containing the datafor reading.

7.9.2 ccout
The ccout command sel ects a file where Communications Channel dataiswritten, and
also enables Target to Host Communications Channel communication.
Syntax
The syntax of the ccout command is:
ccout filenane
where:

filename namesthefile where the datais written.
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Chapter 8
Toolkit Utilities

This chapter describes the software utilities provided with the Software Devel opment
Toolkit. It contains the following sections:

. Functions of the toolkit utilities on page 8-2

. The fromELF utility on page 8-3

. ARM profiler on page 8-6

. ARM librarian on page 8-8

. ARM object file decoder on page 8-10

. ARM executable format decoder on page 8-11
. ANS to PCC C Trandator on page 8-12

. The Flash downloader on page 8-15.
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8.1

Functions of the toolkit utilities

fromelf

armpr of

armlib

decaof

decaxf

topcc

Flash downloader

The fromELF utility takes linker output files and producesimage
files. You can useit to produceany of avariety of formats of image
file. You can aso useit to display various information from the
input files, or to generate text files containing the information.

The ARM profiler displaysan execution profile of aprogram from
aprofile data file generated by an ARM debugger.

The ARM librarian enables sets of AOF filesto be collected
together and maintained in libraries. You can pass such alibrary
to the linker in place of several AOF files.

The ARM Object Format decoder decodes AOF files such asthose
produced by armasm and armcc.

The ARM Executable Format decoder decodes executable files
such as those produced by armlink or armcc.

The ANSI to PCC C Translator helpsto translate C programs and
headers from ANSI Cinto PCC C, primarily by rewriting
top-level function prototypes.

topcc is available for UNIX platforms only, not for Windows.
The Flash downloader enables you to download binary images to

the Flash memory of supported ARM devel opment and eval uation
boards.

8-2
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8.2 The fromELF utility

fromELF isautility that can translate Executable Linkable Format (ELF) image format
files produced by the ARM Linker into other formats.

fromELF outputs the following image formats:

. ARM Image Format (AIF) family. The AlF family includes executable AlF, and
non-executable AIF.

. Plain binary format.

. Extended Intellec Hex (IHF) format.
. Motorola 32 bit S record format.

. Intel Hex 32 format.

. ELF format (resaves as ELF).

8.2.1 fromELF command-line options
Thef r onELF command syntax is as follows:

fromelf [-h] [-nodebug] [-nozeropad] input_file [-text/n...
[ output_file 11 [ output_format output _file ]...

where:

-h shows help and usage information. If this option is specified,
fromELF exits after showing the help message. It ignores
everything else on the command line. Calling fromEL F without
any parameters produces the same help information.

-nodebug does not put debug information in the output files. If -nodebug
isspecified, it affectsall output formats. It overridesthe-text/g
option.

-nozeropad does not expand zero initialized areas in the output image. This
option isvalid only if the output isabinary file. It isignored for
all other file formats.

input_file specifiesthe EL Ffileto betranslated. Pathnameswith appropriate

directory separators for the OS are accepted.
fromELF only accepts ARM executable ELF files.
fromELF does not accept linkable or relocatable ELF files.
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-text/n...

output_format

output _file

Displays text information, where n...selects any combination of
the following information categories:

c disassembles code

d prints contents of the data sections

g prints debug information

r prints relocation information

s prints the symbol table

t prints the string table(s)

v prints detailed information on each segment and

section header of the image.
Theinformation isdisplayed on stdout, if an output_file isnot
specified.
can be one of the following:
-aif ARM Image Format (AIF) file
-bin plain binary
-ai f bi n non-executable AIF
-i hf Extended Intellec Hex format
-n82 Motorola 32-Bit format (32 bit 'S’ records)
-i 32 Intel Hex-32 format

-el f ELF format (resavesas ELF).
Each output format  must be followed by an output_file

specifies the name of the output file. Pathnames with appropriate
directory separators for the OS are accepted.

Each output file must be distinct. FromELF does not check if
the same output fileis specified for more than one output format,
and simply uses the same filename to produce the output. If any

file of the same name already exists, it is overwritten without any

warning message.

If output_file isthesameasinput_file  , fromELF does not
create the output in that format, and moves on to the next format.
A warning is given for each invalid output filename.

8-4
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8.2.2 Multiple output formats

Although multiple output formats are allowed, multiple outputs using the same format
arenot allowed. Each out put _f or mat can only appear oncein thelist of outputs, and
only one output file is written using any particular format.

The following command isinvalid:
fromel f -nodebug i np. axf -aif outl.aif -binout2.bin-aif out3.aif
The second use of - ai f in the command list isignored, and only two output files are
created, out 1. ai f, and out 2. bi n.

8.2.3 Image structure

fromELF can translate afile from ELF to other formats. It cannot alter the image
structure. It is not possible to change a scatter loaded EL F image into a non scatter
loaded image in another format. Any structural information must be provided to the
Linker at link time.
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8.3 ARM profiler

The ARM Profiler, armprof, displays an execution profile of a program from a profile
data file generated by an ARM debugger. The profiler displays one of two types of
execution profile depending on the amount of information present in the profile data:

. If only pc-sampling information is present, the profiler can display only a flat
profile giving the percentage time spent in each function itself, excluding the time
spent in any of its children.

. If function call count information is present, the profiler can displesllagraph
profile that shows not only the percentage time spent in each function, but also the
percentage time accounted for by calls to all children of each function, and the
percentage time allocated to calls from different parents.

SeeProfiling on page 11-20 in thdRM Software Development Toolkit User Guide for
additional information.
8.3.1 Profiler command-line options

A number of options are available to control the format and amount of detail present in
the profiler output. The command syntax is as follows:

arnprof [-parent | -noparent] [-child | -nochild] [-sort options]
prf_file

where:

- par ent displays information about the parents of each function in the

profile listing. This gives information about how much time is
spent in each function servicing calls from each of its parents.

- nopar ent turns off the parent listing.

-child displays information about the children of each function. The
profiler displays the amount of time spent by each child
performing services on behalf of the parent.

-nochild turns off the child listing.
-sort option sorts the profile information using one of the following options:

cumul ative sorts the output by the total time spent in
each function and all its children.
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sel f sorts the output by the time spent in each
function (excluding the time spent in its
children).

descendant s sorts the output by the time spent in all a

function’s children but excluding time spent
in the function itself.

calls sorts the output by the number of callsto
each function in the listing.

prf_file specifies the file containing the profile information.

By default, child functions are listed, but not parent functions, and the output is sorted
by cumulative time.

Example

arnprof -parent sort.prf

8.3.2 Sample output

The profiler output is split into a number of sections, each section separated by aline.
Each section givesinformation on asingle function. In aflat profile (onewith no parent
or child function information) each sectionisasingle line.

The following shows sample sections for functions calledi nsert _sort and st rcnp.

Nare cunte self% desc% calls
mai n 17.69% 60. 06% 1

insert_sort 77.76%17.69% 60. 06% 1
strcnp 60. 06% 0. 00% 243432
gs_string_conpare 3.21% 0. 00% 13021
shel | _sort 3. 46% 0. 00% 14059
insert_sort 60. 06% 0. 00% 243432

strcnp 66. 75%66. 75% 0. 00% 270512
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8.4

8.4.1

ARM librarian

The ARM librarian, armlib, enables sets of AOF files to be collected together and
maintainedin libraries. Such alibrary can then be passed to thelinker in place of several
AOFfiles. However, linking with an object library file does not necessarily producethe
same results aslinking with all the object files collected into the object library file. This
is because of the way armlink processesits input files:

. each object file in the input list appears in the output unconditionally (although
unused areas are eliminated if the output is AlF or if treove option is
specified)

. a module from a library file is only included in the output if an object file or
previously processed library file refers to it.

For more information on how armlink processes its input files, ref€éhapter 6
Linker.

When an object is extracted from a library, armlib drops the path and drive components

of the object name. When an object is added to a library, armlib always drops the drive

component, and by default also drops the path component of the object name.
Librarian command-line options

The syntax of the armlib command is:

armib [-h] [-c| -i | -d| -e] [-o] [-n] [-p] [-1] [-s] [-t dir]
[-v file] library [file_list | nmenber_list]

where:
-h or -help gives online details of the armlib command.
-C creates a new library containing filesfin/ e I i st .

-i inserts files infi / e_I i st into the library. Existing members of
the library are replaced by members of the same name.

-d deletes members imenber_/ i st from the library.

-e extracts members imenmber_I i st, placing them in files of the
same name. The contents of the library are not changed.

-0 adds an external symbol table to an object library.This is on by
default, but can be turned off by.

-n does not add an external symbol table to an object library.

8-8
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-t dir

-v file

library

file i

menber | i st

armib
armib
arnmib
arnmib
arnmib
armib

st

-C
-e
-e
-d
-
-1

Toolkit Utilities

respects paths of files and objects. Note that any drive names
specified are always dropped.

liststhe library. This may be specified together with any other
option.

lists the symbol table. This may be specified together with any
other option

extractsfilesto adifferent directory, specifiedin di r. Thisoption
isused in conjunction with - e.

reads in additional arguments from afile, in the same way asthe
armlink - vi a option, described in Chapter 6 Linker.

names the library file.

names the files to be used as input to the library. You can use the
wildcards * and ? to specify thefiles.

names the library membersto work on. You can usethe wildcards
* and ? to specify the library members.

nmylib obj1 obj2 obj3...

nylib ?sort*

-t /tnp/nylib nmylib.a

nyl i b hash

nmylib quick_sort.o quick_hashl.o
-s ansilib

ARM DUI 0041C
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8.5

8.5.1

8.5.2

ARM object file decoder

The ARM Object Format file decoder, decaof, isatool that decodes AOF files such as
those produced by armasm and armcc. The full specification of AOF can be foundin
Chapter 14 ARM Object Library Format.

Object file decoder command-line options

Example

The syntax of the decaof commandis:

decaof [-a] [-b] [-c] [-d] [-9g] [-h] [-a] [-r] [-s] [-t] [-2] file
[file...]

where:

-a prints area contents in hex (and implicitly includes - d).
-b prints only the area declarations (brief).

-C disassembles code areas (and implicitly includes - d).
-d prints area declarations.

-g prints debug areas formatted readably.

-h gives online details of the decaof command.

-q gives asummary of the area sizes only.

-r prints relocation directives (and implicitly includes - d).
-s prints the symbol table.

-t prints the string table(s).

-z prints a one-line code and data size summary per file.
file names the AOF file(s) to decode. Each file must be an AOF file.

If no options are specified, the effect is of - dst .

decaof -q test.o
C$$code 4748
C$$data 152

8-10
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8.6.1

8.6.2
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ARM executable format decoder

The ARM executable format file decoder, decaxf, isatool that decodes executablefiles
such as those produced by armlink.

Executable file decoder command-line options

Examples

The syntax of thedecaxf commandis:

decaxf [-c] [-g] [-h] [-s] [-t] [-d] [-r] file [file...]

where:

-c disassembles code.

-g prints debug areas.

-h givesonline details of the decaxf command. You can aso enter - hel p.
-s prints the symbol table.

-t prints the string table(s) (for ELF files only)

-r displays relocation information (for ELF files only)

-d displays the contents of the data section(s) (for ELF files only)

file names the AXF file(s) to decode. Each file must be an AXFfile.

If no options are specified, summary information about the segments of thefileis
output.

decaxf -gst ny_el f. axf
decaxf -c testl.axf test2. axf test3. axf

ARM DUI 0041C
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8.7 ANSI to PCC C Translator

Thetopcc program helpsto translate (suitable) C programs and headers from the ANSI
dialect of Cintothe PCC dialect of C. It doesthismainly by rewriting top-level function
prototypes (whether declarations or definitions).

The topcc translator does its translation before the C preprocessing phase of any
following compilation, and ignores preprocessor flag settings. It cannot help with the
tranglation of sources if function prototypes have been obscured, for example, by
Preprocessor macros.

The trangdlation is limited, and other differences between the ANSI and PCC dialects
must be dealt with in the source before translation, although some can be corrected after
tranglation.

topcc is available for UNIX platforms only, not for Windows.

8.7.1 ANSI to PCC C command-line options

The command syntax for topcc is:

topcc [-d] [-c] [-e] [-p] [-s] [-t] [-v] [-I] [input_file
[output_file]]

where:

-d describes what the program does

-C does not remove the keyword const

-e does not remove#error. ...

-p does not remove #pr agma. . . .

-s does not remove the keyword si gned

-t does not remove the second argument tova_st art ()
-V does not remove the keyword vol atil e
-1 does not add #1 i ne directives
input_file defaultsto stdin

output_file defaults to stdout
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8.7.2 Translation details

Top-level function declarations are rewritten with their argument lists enclosed in / *
and */ . For example, declarations like:

type foo(argunment-list);

arerewritten as:

type foo(/* argument-list */);

Any comment tokens/ * or */ in the original argument list are removed.

Function definition prototypes are rewritten in PCC style. For example, definitionslike:
type foo(typel al, type2 a2) {...}

are rewritten as:

type foo(al, a2)
typel al;

type2 az;

{1}

and:

type foo(void)

{.

isrewritten as:
type foo()
{...

Notes on the example

The. .. declaration in afunction definition (denoting a variable-length argument) is

replaced by i nt va_al i st. The second argument to calls of theva_st art macrois
removed. (var ar gs. h definesva_st art asamacro taking one argument. st dar g. h
adds a second argument.) However, topcc does not replace #i ncl ude <var ar gs. h>
with #i ncl ude <stdargs. h>.

Warnings are given of occurrences of ANSI keywords const , enum si gned, and
vol atile.

const, si gned, andvol ati | e are removed.

Typevoi d * isconverted to Voi dSt ar . To be compatible with PCC, this should be
defined as char * using at ypedef.

ARM DUI 0041C
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ANSI C'sunsigned and unsigned long constants are rewritten using the typecasts
(unsi gned) and (unsi gned | ong) . For example, 300ul becomes ( unsi gned
| ong) 300L.

After rewritesthat change the number of linesin thefile, #1 i ne directivesare included
to resynchronize line numbering. These quote the source filename, so that debugging
tools then refer to the ANSI form of sources.

8.7.3 Issues with topcc

topcc takes no account of the setting of conditional compilation options. Thisis
deliberate. It converts all conditionally compilable variantsin parallel.

. Braces must be nested reasonably within conditionally-compilable sections, or
topcc may lose track of the brace nesting depth. This is used to determine whether
it is within, or between, top-level definitions and declarations.

. It is not possible, in practice, to track brace-nesting depth without regard to
reprocessing, as topcc uses heuristics to match conditionally-compiled braces. If
topcc cannot match braces, it gives the message:

m s- mat ched, conditionally included braces.

topcc cannot concatenate adjacent string literals. You can eliminate these from the input
program beforehand. All important uses of ANSI-style implicit concatenation involve
some mix of literals and preprocessor variables. topcc does not know about
preprocessor variables.

If topcc finds an extra closing brace and starts processing text prematurely as if it were
at the top level, it can damage function calls and macro invocations. In general, you
should compare the output of topcc with its input (using a file difference utility) to check
that changes have been reasonably localized to function headers and declarations. If
necessary, you can inhibit most other translations to make these principal changes more
visible. (SeANS to PCC C command-line options on page 8-12)

Copyright © 1997 and 1998 ARM Limited. All rights reserved. ARM DUI 0041C



Toolkit Utilities

8.8 The Flash downloader

The Flash downloader is a utility provided with the ARM Software Development
Toolkit, and integrated into the ARM Debugger for Windows. The Flash downloader is
installed in:

ARMR50\ Bi n\ f 1 ash. | i, alittle-endian version.
ARM250\ Bi n\ f | ash. bi , abig-endian version.

8.8.1 The Flash downloader

You can use the Flash downloader to program Flash memory on the board. Thisworks
only if Angel isrunning from RAM (the default) at the time, or if EmbeddedI CE
interface or Multi-ICE is being used rather than Angel. The correct version for the
endianness of the board should be used.

The downloaded file must be in plain binary format. Refer to The fromELF utility on
page 8-3 for information on converting an ELF format file to plain binary.

The Flash downloader failsif it does not recognize the Flash being used, becauseit must
understand how to program it. As supplied, the Flash downloader recognizes the two
Flash devices supported by the ARM Development Board. Refer to the ARM Target
Development System User Guide for more information.

If you are targeting a different target system you must produce your own download
utility. You can use the source for the Flash downloader as abasis. The sourceis
provided with the ARM Development Board, and is available from the ARM web site
athttp://ww. armcom

If you are using armsd, the Flash downloader should be passed either the argument - e,
or the name of the file to be downloaded into Flash.

If the file is being downloaded, you are prompted for the sector from where the
programming should start. If you are downloading Angel, it should be programmed into
the start of the Flash, from sector O.

If you have the Angel Ethernet Kit, the Flash downloader program can be used to
override the default | P address and net mask used by Angel for Ethernet
communication. To do thisfrom armsd, pass the Flash download program the argument
- e. The program prompts for the IP address and net mask. If you are using the ARM
Debugger for Windows, select the appropriate option from the menu.
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Using the Flash downloader from ADW
Follow these steps to use the Flash downloader from ADW:

1.  Select Flash Download...from the File menu. The Flash Download dialog is
displayed (Figure 8-1).

Flazh Download E

Optio:

" Set Ethemet Address

C:A\ARM 280N ngel\ mageshpidylittlehangelrom | |

QK I Cancel | Help |

Figure 8-1 Flash Download dialog

2. Enter apathname or click Browseto select a binary file to download.

Note
The pathname to the binary file must not contain spaces.

3. Click OK. The Flash downloader reads the binary file and request a start address
in the console window of the Debugger (Figure 8-2).

[=] Console Window

ARM Flash Programming Utility

Frogramming Fla=h RO

Input File o "CoARM2E0NAngelInagesspidhlittletangel . rom"
File =ize : 46Kb (182 sectors)

ROM Sector size @ 0=x100

FOM Length : 512Kb {2048 =sectors)

Basze Address : O=4000000

Starting Sector [in hex. default 0]: |

Figure 8-2 Entering a start address

4.  Enter an address. The console window displays the progress as the Flash is
written.

8-16 Copyright © 1997 and 1998 ARM Limited. All rights reserved. ARM DUI 0041C



Toolkit Utilities

Using the Flash downloader from armsd

To use the Flash downloader from the command line, write a batch file containing this
command:

arnsd -adp -port s,p -line 38400 -exec flash ROVhane
where:

fl ash is the name of the flash downloader, either:
. ARMR50\ Bi n\ f | ash. i for a little-endian system
. ARMR50\ Bi n\ f | ash. bi for a big-endian system.

ROVhane is the name of the binary file that you want to be programmed into Flash
memory.

Note
The pathname to the binary file must not contain spaces.

Execute the batch file to download to Flash. Enter the address to start writing from wher
prompted to do so.

Refer to theARM Target Devel opment System User Guide for more information.
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Chapter 9
ARM Procedure Call Standard

This chapter describes the ARM Procedure Call Standard. It contains the following
sections:

. About the ARM Procedure Call Sandard on page 9-2
. APCS definition on page 9-6

. C language calling conventions on page 9-16

. Function entry examples on page 9-18

. Function exit on page 9-24.
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9.1 About the ARM Procedure Call Standard
The ARM Procedure Call Sandard (APCS) isaset of rulesthat regulates and facilitates
calls between separately compiled or assembled program fragments.
The APCS defines:
. constraints on the use of registers
. stack conventions
. passing of machine-level arguments and the return of machine-level results at
externally visible function or procedure calls.
Because ARM processors are used in a wide variety of systems, the APCS is not a single
standard but a consistent family of standards. £&&¢&S variants below for details of
the variants in the family.) When you implement systems such as runtime systems,
operating systems, embedded control monitors, you must choose the variant or variants
most appropriate to your requirements.
The different members of the APCS family are not binary compatible. If you are
concerned with long-term binary compatibility you must choose your options carefully.
Throughout this chapter, the tefomction is used to mean function, procedure, or
subroutine.
9.11 APCS variants
Previous versions of the toolkit supported 48 basic APCS variants, derived from 5
independent choices (2 x 2 x 3 x 2 x 2), as follows:
. Address size:
. 32-bit
. 26-bit.
. Reentrancy:
. non-reentrant
. reentrant.
. Floating-point architecture:
. software floating-point (no floating-point hardware)
. hardware floating-point with floating-point arguments passed in
floating-point registers
. hardware floating-point with floating-point arguments not passed in
floating-point registers.
9-2 Copyright © 1997 and 1998 ARM Limited. All rights reserved. ARM DUI 0041C
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Stack limit checking:
. no software stack checking
. software stack checking.

Call frames linked through a frame pointer register:
. No frame pointer register used. Call frames not linked.
. Frame pointer register used. Call frames linked.

Wide and narrow arguments:

. Passing C/C++ language narrow arguments in widened form. In previous
versions of the toolkit, this was the default:

. Passing C/C++ language narrow arguments in narrow form. This is the
default for this version of the toolkit.

For this release of the toolkit:

Only 32-bit APCS variants are supported. 26-bit APCS variants are no longer
supported, and are not documented.

Only non-reentrant APCS variants are supported. Reentrant APCS variants are
obsolete. These variants are documented for backwards compatibility only.

For hardware floating-point architectures, floating-point arguments are passed in
floating-point registers by default. APCS variants that pass floating-point
arguments in integer registers are used only for interworking with the TPCS.
Refer to Chapter 10humb Procedure Call Sandard for more information on the
TPCS.

Only APCS variants that do not require a frame pointer register are supported.
APCS variants that require a frame pointer register are obsolete. These variants
are documented for backwards compatibility only.

Narrow arguments are passed in narrow form by default. Howeniede
remains a fully supported option.

The toolkit continues to support fully the options to build for ARM-Thumb
interworking or not.

For the ARM compilers and assembler, these options are specified with:
t ool nane -apcs [/interwork|/nointerwork]

The following choices are supported for this release of the toolkit. Code conforming to
one APCS variant is not compatible with code conforming to another:

ARM DUI 0041C
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Stack limit checking

The APCS defines conventions for software stack limit checking
sufficient to support efficiently most requirements, including those of
multiple threads and chunked stacks.

For the ARM compilers and assembler, these options are specified with:
t ool nane -apcs [/swst|/noswst]

Use/ swst if youthink that your stack might overflow and not betrapped
by memory management hardware. Use/ noswst to get the smallest,
fastest code.

Floating-point architecture

The APCS variant you choose will depend on your floating-point
hardware. If your system includes a hardware floating-point unit, use the
hardware floating-point APCS variant. If not, use the software
floating-point APCS variant. For the ARM compilers and assembler,
these options are specified with:

t ool nane -fpu [fpal none]

or:

t ool nanme -apcs [/ hardfp|/softfp]

Usethe - f pu option in preferenceto / har df p and / sof t f p.

If hardware floating-point is selected you can choose whether
floating-point arguments are passed in floating-point registers:
Argumentsin floating-point registers

Thisisthe default.

Argumentsnot in floating-point registers

Usethisoption to interwork with the TPCS. Thumb cannot use
hardfp.

For the ARM compilers and assembler, these options are specified with:
t ool nanme -apcs /[ hardfp[/fpr]|/nofpr]

Reentrant or non-reentrant

This option is obsolete. You should use reentrant variants of the APCS
only if it is necessary to support existing code.

The reentrant variant of the APCS supports the generation of codethat is
free of relocation directives. Thisis position-independent code that
addresses all dataindirectly through a static base register.

9-4
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Frame pointer or no frame pointer

Requiring the use of aframe pointer register is obsolete. You should use
APCS variants that use a frame pointer register only if it is necessary to
support existing code.

For the ARM compilers and assembler, these options are specified with:
t ool name -apcs [/fp]|/nofp]
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9.2 APCS definition

This section defines the ARM Procedure Call Standard. Where examples are given,
these do not form part of the standard. They are given only to aid clarity.

9.2.1 APCS conformance
The APCS defines two levels of conformance;

conforming A program fragment that conforms to the APCS while making acall to
an external function (onethat isvisible between compilation units) issaid
to be conforming.

strictly conforming

A program that conformsto the APCS at al instants of execution issaid
to be strictly conforming.

In general, compiled codeis expected to be strictly conforming. Hand written assembly
language code is expected to be conforming.

Whether or not program fragments for a particular ARM-based environment are
required to conform strictly to the APCS is part of the definition of that environment.

9.2.2 APCS register names and roles

The ARM architecture with the FPA coprocessor defines:
. 15 visible general purpose integer registers

. a 32-bit program counter register

. eight floating-point registers.

In non-user processor modes, some general purpose registers are banked. In all modes,
the availability of the floating-point instruction set depends on the processor model,
hardware, and operating system. Refer toAfRigl Architectural Reference Manual for

a detailed description of the ARM register banks and processor modes.
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Table 9-1, below, and Table 9-2 on page 9-8 give the names and functions of the ARM
registers under the APCS.

Table 9-1 APCS registers

Register APCS name APCS role

r0 al argument 1/scratch register/result

rl a2 argument 2/scratch register/result

r2 a3 argument 3/scratch register/result

r3 a4 argument 4/scratch register/result

rd4 vl register variable

5 v2 register variable

ré v3 register variable

r7 v4 register variable

r8 v5 register variable

r9 sb/v6 static base/register variable

r10 sv7 stack limit/stack chunk handle/register variable
ri1 fp/v8 frame pointer/register variable

r12 ip scratch register/new-sb in inter-link-unit calls
r13 sp lower end of the current stack frame

rla Ir link register/scratch register

ris pc program counter

General purpose registers

The 16 integer registers are divided into 3 sets:

. four argument registers that can also be used as scratch registers or as caller-sav
register variables

. five callee-saved registers, conventionally used as register variables

. seven registers that have a dedicated role, at least some of the time, in at least ol
variant of the APCS (se&PCSvariants on page 9-2).

The registers sp, Ir and pc have dedicated roles in all variants of the APCS.
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Theip register has a dedicated role only during function call. At other timesit may be
used as a scratch register. Conventionally, ip is used by compiler code generators as a
local code generator temporary register.

There are dedicated roles for s, fp, and sl in some variants of the APCS. In other
variants they may be used as callee-saved registers.

The APCS permits|r to be used as aregister variable when it is not in use during a
functioncall. It further permitsan ARM system specificationto forbid such usein some,
or al, non-user ARM processor modes.

Floating-point registers (FPA Architecture)

Each ARM floating-point (FP) register holds one FP value of single, double, extended
or internal precision. A single precision value occupies one machine word. A double
precision val ue occupiestwo words. An extended precision val ue occupiesthreewords,
as does an internal precision value.

Floating-point registers are divided into two sets, analogous to the subsets al through
a4 and v1 through v5/v7 of the general registers:

. Registers fO through f3 need not be preserved by called functions. fO is the FP

result register, and fO through f3 may hold the first four FP argument®dtee
representation and argument passing on page 9-14 anlPCSvariants on page
9-2.

. Registers f4 through {7, thariable registers, preserved by callees.

Table 9-2 APCS floating-point registers

Name Number APCS Role

fo 0 FP argument 1/FP result/FP scratch register
f1 1 FP argument 2/FP scratch register

f2 2 FP argument 3/FP scratch register

f3 3 FP argument 4/FP scratch register

f4 4 floating-point register variable

f5 5 floating-point register variable

6 6 floating-point register variable

f7 7 floating-point register variable
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The APCS supports both contiguous and chunked stacks. The stack must be readable
and writable by the executing program.

Chunked stacks
Chunked stacks have the following properties:

. A chunked stack can be extended by allocating additional chunks
anywhere in memory.

. A chunked stack is a singly-linked listaxdtivation records, linked
through astack backtrace data structure (seeThe stack backtrace
data structure on page 9-11), stored at the high-address end of each
activation record.

. Each contiguous chunk of the stack must be allocated to activation
records in descending address order. At all instants of execution, sp
must point to the lowest used address of the most recently allocated
activation record.

. There are no constraints on the ordering of multiple stack chunks
in the address space.

. A chunked stack must be limit-checked. It can be extended only
when a limit check fails.

Contiguous stacks
Contiguous stacks have the following properties:

. A contiguous stack can be extended at its low address only.
. The activation records in a contiguous stack need not be linked
together through a stack backtrace data structure.
Stack chunk limit

Associated with sp is a possibly implicit stack chunk limit, below which sp must not be
decremented.

At all instants of execution, the memory between sp and the stack chunk limit must
contain nothing of value to the executing program. It may be modified unpredictably by
the execution environment.

ARM DUI 0041C
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There are two types of stack chunk limit:

implicit The stack chunk limit is said to be implicit if chunk overflow is detected
and handled by the execution environment. If the stack chunk limit is
implicit, sl may beused asv7, an additional callee-saved variableregister.

explicit The stack chunk limit is said to be explicit if chunk overflow is detected
and handled by the program and its library support code.

If the conditions of the remainder of this subsection hold at all instants of execution, the
program conforms strictly to the APCS. If they hold at, and during, external function
calls (visible between compilation units), the program conforms to the APCS.

If the stack chunk limit is explicit, s must:

. point at least 256 bytes above it

. identify the current stack chunk in a system-defined manner
. at all times, identify the same chunk as sp points into.

The values of sl, fp and sp must be multiples of 4.

(sl >= stack_chunk_linmt + 256 allows the most common limit checks to be
made very cheaply during function entry.)

This final requirement implies that on changing stack chunks, registers sl and sp must
be loaded simultaneously using:

Lb™M ..., {..., sl, sp}.

In general, this means that return from a function executing on an extension chunk to
one executing on an earlier-allocated chunk should be through an intermediate function
invocation, specially fabricated when the stack was extended.

9-10
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9.2.4 The stack backtrace data structure

For chunked stacks, thevaluein fp must be zero or must point to alist of stack backtrace
datastructuresthat describe the sequence of outstanding function calls. If thisconstraint
holds when external functions are called, the program is conforming. If it holds at all
instants of execution, the program is strictly conforming.

The stack backtrace data structure shows between four and 27 words, with those words
higher on the page being at higher addresses in memory. The values shown in brackets
are optional, and their presence need not imply the presence of any other. The
floating-point values are stored in an internal format, and occupy three words each.
Figure 9-1 on page 9-11 shows the stack backtrace structure.

save code pointer [fp, #0] <-fp points to here
return link val ue [fp, #-4]
return sp val ue [fp, #-8]
return fp val ue [fp, #-12]

{saved v7 val ue}
{saved v6 val ue}
{saved v5 val ue}
{saved v4 val ue}
{saved v3 val ue}
{saved v2 val ue}
{saved v1 val ue}
{saved a4 val ue}
{saved a3 val ue}
{saved a2 val ue}
{saved al val ue}

{saved f7 val ue} three words
{saved f6 val ue} three words
{saved f5 val ue} three words
{saved f4 val ue} three words

Figure 9-1 Stack backtrace structure

The save code pointer

The save code pointer (the value of pc) isthevalue of the pc at the instruction that starts
to create the stack backtrace structure. Typically thisis a store multiple instruction of
the form:

STMFD  sp!, {optional _registers,old fp,sp,|r,pc}

The save code pointer (the value of pc) allows the function corresponding to a stack
backtrace structure to be located.

ARM DUI 0041C
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Function exit

Table 9-3 shows the registers to which the values in the stack backtrace structure are
restored on function exit.

Table 9-3 Function exit

Value Restored to

returnlink value  pc

return sp value sp

return fp value fp

9.25 Function invocations and stack backtrace structures

Note
The following applies only to APCS variants that use a frame pointer register.

If function invocation A calls function B, then A istermed adirect ancestor of the
invocation of B. If invocation A[1] callsinvocation A[2] calls... callsB, then each of the
Ali] isan ancestor of B and invocation A[i] ismore recent than invocation A[j] if i >].

The return fp value must be 0, or must be a pointer to a stack backtrace data structure
created by an ancestor of the function invocation that created the backtrace structure
pointed to by fp. No more recent ancestor must have created a backtrace structure.
(There may be any number of tail called invocations between invocations that create
backtrace structures.)

9.2.6 Control arrival

At the instant when control arrives at the target function:

. pc contains the address of an entry point to the target function (reentrant functions
may have two entry points).

. Ir contains the value to restore to pc on exit from the function (the return link
value. Se@he stack backtrace data structure on page 9-11).

. sp points at or above the current stack chunk limit. If the limit is explicit, it must
point at least 256 bytes above it. Sb&e stack on page 9-9.
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. For APCS variants that use a frame pointer register, fp contains 0 or points to the
most recently created stack backtrace structureTRestack backtrace data
structure on page 9-11.

. The space between sp and the stack chunk limit is readable and writable memor
that the called function can use as temporary workspace and overwrite with any
values before the function returns. S&e stack on page 9-9.

. Arguments are marshalled as describeDaita representation and argument
passing on page 9-14.

Reentrant functions

Note

This section describes obsolete facilities. It is provided for backwards compatibility
only.

A reentrant target function has two entry points. Control arrives:
. at theintra-link-unit entry point if the caller has been directly linked with the

callee
. at theinter-link-unit entry point if the caller has been separately linked wittua
of the callee.

In non-static-data-using leaf functions, the two entry points are at the same address.
Otherwise they are separated by a single instruction.

On arrival at the intra-link-unit entry point, sb must identify the static data of the link
unit that contains both the caller and the callee.

On arrival at the inter-link-unit entry point, either:
. ip must identify the static data of the link unit containing the target function.

. The target function must make neither direct nor indirect use of static data. In
practice this usually means that the callee must be a leaf function that makes nc
direct use of static data.

The way in which sidentifiesthe static data of a link unit is not specified by the APCS.

If the call is by tail continuatiorgalling function means the function that will be
returned to if the tail continuation is converted to a return.

If code is not required to be reentrant or shareable, sb may be used as v6, an addition
variable register. (See Table 9-1 on page 9-7.)

ARM DUI 0041C
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9.2.7

Data representation and argument passing

Argument passing in the APCS is defined in terms of an ordered list of machine-level
values passed from the caller to the callee, and a single word or floating-point result
passed back from the callee to the caller. Each valuein the argument list is either:

. an integer value of size one word
. a floating-point value of size one, two, or three words.

A callee may corrupt any of its arguments, however passed.
The APCS does not define:

. the layout in store of records, arrays, as so forth, used by ARM-targeted compilers
for C and C++

. the order in which language-level arguments are mapped into their machine-level
representations.

This means that, the mapping from language-level data types and arguments to APCS
words is defined by each language implementation, not by the APCS. There is no reason
why two ARM-targeted implementations of the same language cannot use different
mappings and not support cross-calling.

Implementors are encouraged to adopt not just the APCS standard, but to accommodate
the natural mappings of source language objects into argument words. Guidance about
this is given inC language calling conventions on page 9-16.

At the instant control arrives at the target function, the argument list must be allocated
as follows:

. in the APCS variants that support the passing of floating-point arguments in
floating-point registers (sePCSvariants on page 9-2), the first four
floating-point arguments (or fewer if the number of floating-point arguments is
less than four) are in machine registers fO through 3. Refer to Chapsangs
the Procedure Call Sandards in the ARM Software Devel opment Toolkit User
Guide for more information.

. the first four remaining argument words (or fewer if there are fewer than four
argument words remaining in the argument list) are in machine registers al
through a4

. the remainder of the argument list (if any) is in memory, at the location addressed
by sp and higher addressed words from this point on.

A floating-point value not passed in a floating-point register is treated as one, two, or
three integer values, according to its precision.
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9.2.8 Control return

When the return link value for afunction call is placed in the pc:

. sp, fp, sliv7, sbive, v1-v5, and f4-f7 must contain the same values as they did at
the instant of control arrival.

. If the function returns a simple value of one word or less, the value must be in al.
A language implementation is not obliged to consallesingle-word values
simple. Sedon-simple value return on page 9-17 for more information.

. If the function returns a simple floating-point value, the value must be in fO for
hardfp APCS variants. For softfp variants, a floating-point result is returned in r0,
orrO and rl.

The values of ip, Ir, a2-a4, f1-f3 and any stacked arguments are undefined. The
definition of control return means that this isallee saved standard. The caller's CPSR
flags are not preserved across a function call.

ARM DUI 0041C
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9.3 C language calling conventions

This section describes the conventions that apply to C language arguments and return
values.

9.3.1 Argument representation

A floating-point value occupies one, two, or three words, as appropriate to its type.
Floating-point values are encoded in |EEE 754 format, with the most significant word
of adoubl e having the lowest address. Refer to Chapter 11 Floating-point Support for
more information on floating-point support.

char, short, poi nt er and other integral values occupy oneword in an argument list.
I ong | ong (__int64) values occupy two words.

Onthe ARM, characters are naturally unsigned. ANSI C and C++ have signed,
unsigned, and plain (do not care) char types. Classic C does not have the signed char
type, so plain char must be considered signed. In PCC mode (- pcc compiler option),
the C compilerstreat aplain char assigned, and widen its value appropriately when it
is used as an argument.

A structured value occupies an integral number of integer words, even when it contains
only floating-point values.

9.3.2 Argument list marshalling
Argument values are marshalled in the order written in the source program.

If the called function accepts afixed number of arguments, and if passing floating-point
arguments in FP registers, the first four floating-point arguments are loaded into FP
registers.

Thefirst four of the remaining argument words are loaded into al through a4, and the
remainder are pushed onto the stack in reverse order. Asaconseguence, an FP value can
be passed in integer registers, or even split between an integer register and the stack.

Arguments later in a stacked argument list have higher addresses than those earlier in
the stacked argument list.
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9.3.3 Non-simple value return

A non-simple type is any non floating-point type greater than one word in size
(including structures containing only floating-point fields), and certain one-word
structured types.

A structureis termed integer-like if its sizeisless than or equal to one word, and the
offset of each of its addressable subfieldsis zero. An integer-like structured result is
considered ssimple and isreturned in al.

Thefollowing are both integer-like:

struct {int a:8, b:8, c¢:8, d:8;}
union {int i; char *p;}

Thefollowing is not integer-like:
struct {char a; char b; char c; char d;}

A multi-word or non integer-like result is returned to an address passed as an additional
first argument to the function call.

At machine level:
TT tt = f(x, ...);
isimplemented as:

TT tt; f(&t, x, ...);

ARM DUI 0041C
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9.4 Function entry examples
A complete discussion of function entry is complex. This section covers some of the
most important issues and special cases.

Note
This section includes descriptions of the reentrant variant of the APCS, and the format
of the stack backtrace structure. Thisinformation is obsolete and is provided for
backwards compatibility only.
The important issues for function entry are:
. establishing the static base (obsolete reentrant APCS variants only)
. creating the stack backtrace data structure (only for APCS variants that use a
frame pointer register)

. saving the floating-point variable registers if required
. checking for stack overflow if the stack chunk limit is explicit.

94.1 Definitions
The following terms are used to identify particular types of functions.
Leaf functions
A function is termedeaf if its body contains no function calls. A leaf function that
makes no use of static data need not establish a static base.
Tail calls or tail continuation functions
If function F calls function G immediately before an exit from F, the call-exit sequence
can often be replaced instead bgtarn to G. After this transformation, the return to G
is called aail call ortail continuation.
There are many subtle considerations when using tail continuations. If stacked
arguments are unstacked by callers (almost mandatory for variadic callees), G cannot
be directly tail called if G itself takes stacked arguments. This is because there is no
return to F to unstack them.
If this call to G takes fewer arguments than the current call to F, some of F's stacked
arguments can be replaced by G's stacked arguments. However, this may not be easy to
assert if F is variadic. There may be no tail call of G if the address of any of F's
arguments or local variables Hasked out of F. This is because on return to G, the
address may be invalidated by adjustment of the stack pointer. In general, this precludes
tail calls if any local variable or argument has its address taken.
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Frameless functions

For APCS variants that use aframe pointer register, a function does not need to create
a stack backtrace structure if it uses no v-registers and either:

. it is a leaf function
. all the function calls it makes from its body are tail calls.

Such functions are termdichmel ess.
Stack backtrace structures need not be created for APCS variants that do not use a frar

pointer register.

9.4.2 Establishing the static base

Note
Reentrant variants of the APCS are obsolete.

A reentrant function can be entered directly via a call from the same link unit (an
intra-link-unit call), or indirectly through a function pointer or direct call from another
link unit (aninter-link-unit call).

The general scheme for establishing the static base in reentrant code is:

intra MW ip, sb ; intralink unit (LU calls target here
inter ; inter-LU calls target here, having | oaded
ip via an inter-LU or fn-pointer veneer.

; create backtrace structure, saving sb
MOV sb, ip ; establish sb for this LU

rest of entry

Code that does not have to be reentrant does not need to use a static base. Code the
reentrant is marked as such, allowing the linker to create the inter-link-unit veneers
needed between independent reentrant link units, and between reentrant and
non-reentrant code.
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9.4.3

Creating the stack backtrace structure

For non-reentrant, nonvariadic functions, a stack backtrace structure can be created
using three instructions:

MoV ip, sp ; save current sp,
ready to save as old sp

STMFD sp!, {al-a4, v1-v5, sb, fp, ip, Ir, pc}
;as needed
SUB fp, ip, #4

Each argument register al through a4 hasto be saved only if amemory location is
needed for the corresponding parameter, either because it has been spilled by the
register allocator or because its address has been taken.

Each of the registers v1 through v7 hasto be saved only if used by the called function.
The minimum set of registersto be saved is{fp, old-sp, Ir, pc}.

A reentrant function must avoid using ip in its entry sequence:

STMFD sp!, {sp, |r, pc}
STMFD sp!, {al-a4, vl1-v5, sb, fp} ;. as needed
ADD fp, sp, #8+4*|{al-a4, vl1-v5, sb, fp}|

as used above

sb (also known asv6) must be saved by areentrant function if it callsany function from
another link unit (which would alter the value in sb). This means that, in general, sb
must be saved on entry to al non-leaf, reentrant functions.

For variadic functions the entry sequence is still more complicated. Usually, you have
to make a contiguous argument list on the stack. For non-reentrant variadic functions,
use:

MoV ip, sp ; save current sp, ready to
save as old sp
STMFD  sp!,{al-a4} ; push argunents on stack
STMD  sp!,{v1l-v6, fp, ip, Ir, pc}
; push other registers on
stack as needed
SUB fp, ip, #20 ; if all of al-a4 pushed...

It is not necessary to push arguments corresponding to fixed parameters, though saving
al-a4 islittle more expensive than just saving, say, a3-a4.

Floating-point arguments are never passed to variadic functions in floating-point
registers.

9-20
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9.4.4 Saving and restoring floating-point registers

The Issue 2 FPA instruction set defines two instructions for saving and restoring the
floating-point registers:

. Store Floating MultiplegFM

. Load Floating Multiple ILFM).

These are as follows:

. SFMandLFMare exact inverses

. SFMwill never trap, whatever the IEEE trap mode and the value transferred
(unlike STFE which can trap on storing a signalling NaN)

. SFMandLFMtransfer 3-word internal representations of floating-point values
which vary from implementation to implementation, and which, in general, are
unrelated to any of the supported IEEE representations

. any 1-4, cyclically contiguous floating-point registers can be transferred by
SFMLFM (for example, {f4-f7}, {f6, {7, f0}, {f7, fO}, {f1}).

Function entry

On function entry, a typical use 8BFMmight be as follows:

SFMFD f4, 4, [sp]! ; save f4-f7 on a
; Full Descendi ng st ack,
; adjusting sp as val ues are pushed.

Function exit
On function exit, the corresponding sequence might be:

LFMEA f4, 4, [fp, # N ; restore f4-f7
; fp-N points just
; above the floating-point
save area.

For chunked stacks, sp-relative addressing may be unavailable on function exit if the
stack has been discontiguously extended.

ARM DUI 0041C
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9.4.5 Checking for stack limit violations

In some environments, stack overflow detection isimplicit. An off-stack reference

causes an address error or memory fault, which may in turn cause stack extension or

program termination.

In other environments, the validity of the stack must be checked on function entry, and

at other times if the function:

. Uses 256 bytes or less of stack space.

. Uses more than 256 bytes of stack space, but the amount is known and bounded
at compile time.

. Uses an amount of stack space unknown until runtime. This does not arise in C,
apart from in stack-based implementations of the non-standard, BSD-UNIX
al I oca() function. The APCS does not easily suppoitoca() .

The check for stack limit violation is made at the end of the function entry sequence, by

which time ip is available as a work register.

If the check fails, a standard runtime support function is called, either

_rt_stkovf _split_small or__rt_stkovf_split_big.

Any environment that supports explicit stack-limit checking must provide functions that

can do one of the following:

. terminate execution

. extend the existing stack chunk, and decrement sl

. allocate a new stack chunk, reset sp and sl to point into it, and guarantee that an
immediate repeat of the limit check will succeed.

Stack limit checking (small, fixed frames)

For frames of 256 bytes or less the limit check is as follows:

i create the activation record.
CMPS sp, sl
BLLO | __rt_stkovf_split_small|
SUB sp, sp, #size of locals ; <= 256, by hypothesis

This adds two instructions and, in general, only two cycles to function entry.

Afteracallto__rt_stkovf_split_smal |, fp and sp do not necessarily point into

the same stack chunk. Arguments passed on the stack must be addressed by offsets from

fp, not by offsets from sp.
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Stack limit checking (large, fixed frames)

For frames bigger than 256 bytes, the limit check proceeds as follows:

SUB ip, sp, #FraneSi zeBound ; can do in 1 instr

CWPS ip, sl

BLLO | __rt_stkovf_split_big]|

SUB sp, sp, #InitFraneSize ; may require > 1 instr
where:

Fr aneSi zeBound

can be any convenient constant at least as big as the largest frame the
function will use.

I nitFraneSi ze

istheinitial stack frame size. Subsequent adjustments within the called
function require no limit check.

—— Note

Functions containing nested blocks may use different amounts of stack at different
instants during their execution.

Afteracalto__rt_stkovf_split_big, fpand sp do not necessarily point into the
same stack chunk. Arguments passed on the stack must be addressed by offsetsfrom fp,
not by offsets from sp.
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9.5

Function exit

Function exit can usually be implemented in asingleinstruction (thisis not the case if
floating-point registers have to be restored). Typically, there are at least as many
function exits as entries, so it is always advantageous to move an instruction from an
exit sequence to an entry sequence.

If exitisasingleinstruction, further instructions can be saved in multi-exit functions by
replacing branches to a single exit with the exit instructions themselves.

Saving and restoring floating-point registersis discussed in Saving and restoring
floating-point registers on page 9-21.

To exit from functions that use no stack and save no floating-point registers, use:
MoV pc, Ir

or:
BX Ir

for interworking code.

To exit from other functions that use aframe pointer register and save no floating-point
registers, use a pre-decrement load multiple (LDVEA):

LDMEA fp, {v1-v5, sb, fp, sp, pc} ; as saved
Here, fp must point just below the save code pointer, as this value is not restored.

A function that does not use a frame pointer register must unwind the stack in its exit
seguence. Generally this means:

. Increment sp by the amount that it was explicitly decremented in the function
body.

. Pop saved registers from the stack in the reverse order to that in which they were
pushed.

9-24
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Chapter 10
Thumb Procedure Call Standard

This chapter describes the Thumb procedure call standard. It contains the following
sections:

. About the Thumb Procedure Call Sandard on page 10-2
. TPCSdefinition on page 10-3

. C language calling conventions on page 10-7

. Function entry examples on page 10-9

. Function exit on page 10-12.
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10.1  About the Thumb Procedure Call Standard

The Thumb Procedure Call Standard (TPCS) is aset of rules that govern inter-calling
between functions written to the Thumb subset of the ARM instruction set.

The TPCSisacut-down version of the APCS. If you are unfamiliar with the APCS and
itsterminology, you will find it hel pful to read Chapter 9 ARM Procedure Call Standard
before continuing with this chapter.

Specifically, the TPCS does not allow:

. Disjoint stack extension (stack chunks). Under the TPCS, the stack must be
contiguous. However, this does not necessarily prohibit the use of co-routines.

. Calling the same entry point with different sets of static data (multiple
instantiation, or reentrancy). Multiple instantiation can be implemented at a user
level, by placing in at ruct all variables that need to be multiply instantiated,
and passing each function a pointer tostheuct .

. Hardware floating-point. Thumb code cannot access floating-point (FP)
instructions without switching to ARM state. Floating-point is supported
indirectly by defining how FP values are passed to, and returned from, Thumb
functions in integer registers.
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10.2 TPCS definition

This section defines the Thumb Procedure Call Standard. Where examples are given
these do not form part of the standard. They are given only to aid clarity.

10.2.1 TPCS register names

The Thumb register subset has:

. eight visible general purpose registers (r0-r7), referred to devitregisters

. a stack pointer (sp)

. a link register (Ir)

. a program counter (pc).

In addition, the Thumb subset can access the rest of the ARM registers (r8-r15, referre

to as thehigh registers) singly through a set of special instructions. Se&Rie
Architectural Reference Manual for details.

Table 10-1 on page 10-4 shows the names and roles of the Thumb registers in the
context of the TPCS.
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Table 10-1 TPCS registers

Register TPCS name TPCSrole

r0 al argument 1/scratch register/result

rl a2 argument 2/scratch register/result

r2 a3 argument 3/scratch register/result

r3 a4 argument 4/scratch register/result

r4 vl register variable

5 v2 register variable

r6 v3 register variable

r7 vaiwr register variable/work register in function entry/exit

r8 (v5) (ARM V5 register, no defined role in Thumb)

r9 (v6) (ARM v6 register, no defined role in Thumb)

r10 g (v7) stack limit

rll fp (v8) frame pointer (usually not used in Thumb state)

r12 (ip) (ARM ip register, no defined role in Thumb. May be used

as atemporary register on Thumb function entry/exit.)

rl3 sp stack pointer (full descending stack)

rl4 Ir link register

r15 pc program counter

10.2.2 The Stack
The stack contains a series of activation records allocated in descending address order.
These activation records may be linked through a stack backtrace data structure but
thereis no obligation for code under the TPCS to create a stack backtrace structure.
A stack limit is said to be implicit if stack overflow is detected and handled by the
execution environment, otherwiseit isexplicit. Associated with spisapossibleimplicit
stack limit, below which sp must not be decremented unless a suitable trapping
mechanism isin place to detect below-limit reads or writes.
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Thumb Procedure Call Standard

At all instants of execution, the memory between sp and the stack limit must contain
nothing of value to the executing program. This memory may be modified
unpredictably by the execution environment.

If the stack limit isexplicit, sl must point at least 256 bytes aboveit. Thevaluesof d, fp
and sp are multiples of 4.

Note

fpisusualy not used in Thumb state.

Implicit or explicit stack limit checking

Stack limit checking may be:

implicit performed by the memory management hardware

explicit performed by the program and its library support code.

The TPCS defines conventions for software stack-limit checking sufficient to support
most requirements.

At the instant when control arrives at the target function:

pc contains the address of an entry point to the target function.

Ir contains the value to restore to pc on exit from the function (the return link
value, sedhe stack backtrace data structure on page 9-11).

sp points at or above the current stack limit. If the limit is explicit, sp will point at
least 256 bytes above it (s&e Stack on page 10-4).

If the function is built to use a frame pointer register, fp contains 0 or points to the
most recently created stack backtrace structureTigestack backtrace data
structure on page 9-11). This is not usual in Thumb state.

The space between sp and the stack limit must be readable and writable memaor
which the called function can use as temporary workspace, and overwrite with
any values before the function returns (§be Stack on page 10-4).

Arguments are marshalled as described below.

ARM DUI 0041C
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10.2.4 Datarepresentation and argument passing

Argument passing in the TPCS is defined in terms of an ordered list of machine-level
values passed from the caller to the callee, and a single-word or floating-point result
passed back from the callee to the caller. Each value in the argument list must be either:

. an integer value of size one word
. a floating-point value of size one, two, or three words.

A callee may corrupt any of its arguments, however passed.
At the instant control arrives at the target function, the argument list is allocated as

follows:

. the first four argument words (or fewer if there are fewer than four argument
words remaining in the argument list) are in machine registers al-a4

. the remainder of the argument list (if any) is in memory, at the location addressed
by sp and higher addressed words thereafter.

A floating-point value is treated as one, two, or three integer values, as appropriate to
its precision. The TPCS does not support the passing or returning of floating-point
values in ARM floating-point registers.

10.2.5 Control return
When the return link value for a function call is placed in the pc:

. sp, fp, sl, v6, v5, and v1-v4 contain the same values as they did at the instant of
control arrival. If the function returns a simple value of size one word or less, the
value is contained in al.

. If the function returns a simple value of size one word or less, then the value must
be in al. A language implementation is not obliged to conaltlsingle-word
values simple. Seldon-simple value return on page 10-8.

. If the function returns a simple floating-point value, the value is encoded in al,
{al, a2}, or {al, a2, a3}, depending on its precision.

Note
fp is usually not used by Thumb state code.
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10.3 Clanguage calling conventions

This section describes the conventions that apply to C language arguments and return
values.

10.3.1 Argument representation

A floating-point value occupies one, two, or three words, as appropriate to its type.
Floating-point values are encoded in |EEE 754 format, with the most significant word
of adouble having the lowest address.

char, short, poi nt er and other integral values occupy oneword in an argument list.
| ong | ong (__int64) values occupy two wordsin an argument list. Structurevaluesare
treated as a sequence of integer words, even if all fields have floating-point type.

Characters are naturally unsigned. ANSI C has signed, unsigned, and plain chars.

10.3.2 Argument list marshalling

Argument values are marshalled in the order written in the source program.

Thefirst 4 argument words are | oaded into al-a4, and the remainder are pushed onto the
stack in reverse order. This meansthat arguments later in the argument list have higher
addresses than those earlier in the argument list. As a consequence, a floating-point

value can be passed in integer registers, or even split between aninteger register and the
stack.
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10.3.3

Non-simple value return

A non-simple type is any non-floating-point type of size greater than one word
(including structures containing only floating-point fields), and certain single-word
structured types.

A structureisconsidered integer-likeif itssizeislessthan or equal to oneword, and the
offset of each of its addressable subfields is zero. An integer-like structured result is
considered simple and is returned in register al.

Integer-like structures:

struct {int a:8, b:8, ¢:8, d:8;} union {int i; char *p;}
Non integer-like structures:

struct {char a; char b; char c; char d;}

A multi-word or non-integer-like result isreturned to an address passed as an additional
first argument to the function call. At the machine level:

TT tt = f(x, ...);
isimplemented as:

TT tt; f(&t, x, ...);

10-8
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10.4  Function entry examples

10.4.1 Definitions

A complete discussion of function entry iscomplex. This section discussesafew of the
most important issues and special cases.

Thefollowing terms are used to identify particular types of functions.

Tail calls or tail continuation functions

If function F calls function G immediately before an exit from F, the call-exit sequence
can often be replaced instead by areturnto G. After thistransformation, the returnto G
iscalled atail call or tail continuation.

—— Note

Tail continuationisdifficult with the Thumb instruction set because of the limited range
of the B instruction (+/-2048 bytes).

10.4.2 Simple function entry

The simplest entry sequence for functionsis:

PUSH{ save-regi sters, Ir} ; Save registers as needed.
The corresponding exit sequence is:

POP {save-regi sters, pc}

It is sometimes necessary to save { al-a4} before{v1-v4}, if the arguments can be
addressed as a single array of arguments accessed from the address of one of the saved
argument registers.

In this case, the function entry sequence becomes:

PUSH{ al- a4} ; as necessary
PUSH{ save-regi sters, |r}

and the corresponding exit sequence becomes:

POP { save-regi sters}

POP {a3}
ADD sp, sp, #16
MOV pc, a3

ARM DUI 0041C
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10.4.3 Checking for stack limit violations

In some environments, stack overflow detection isimplicit. An off-stack reference
causes an address error or memory fault which may, in turn, cause stack extension or
program termination.

In other environments, the availability of stack space must be checked whenever spis
decremented (at least on function entry).

The check for stack limit violation is made at the end of the function entry sequence. If
the check fails, one of the following standard runtime support functionsis called:

. _16__rt_stkovf_split_smal
. 16 rt_stkovf_split_big.

Each environment that supports explicit stack limit checking must provide these
functions to either:

. terminate execution
. extend the existing stack, decrementing sl.

Stack limit checking: small, fixed frames

For frames of 256 bytes or less, the limit check may be implemented as follows:
CWP sp, sl
BHS no_ovf
BL |__16_ rt_stkovf_split_small

no_ovf

Stack limit checking: large, fixed frames

For frames larger than 256 bytes, the limit check may be implemented as follows:

LDR w, franesize

ADD wr, sp
W wr, sl
BHS no_ovf
BL |__16_ rt_stkovf_split_big|
no_ovf
MOV sp, wr
ALI GN
franmesi ze

DCD - Franesi ze
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Note

Functions containing nested blocks may use different amounts of stack at different
timesduring their execution. If thisisthe case, subsequent stack adjustmentsrequire no
limit check if theinitial stack check examines the maximum stack depth.
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10.5 Function exit
To exit from afunction that saves no registers use:
MV pc, Ir
or:
BX Ir
for interworking code.
where Ir has the same value as it had on entry to the function.
To exit otherwise use:
POP {saved-registers, pc}
Ir does not need to be preserved.
To exit from functions that create a stack backtrace structure, use:
LDR wr, [sp, #fp-offset] ; Restore fp
MV fp, w
LDR a4, [sp, #lr_offset] ; Get Ir in a4
POP {saved-regs}
ADD sp, sp, #16+pushed-args*4; pushed-args*4 only
; needed if variadic
MOV pc, a4 ; Return
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Chapter 11
Floating-point Support

This chapter describes the different types of floating-point mechanisms. It contains the
following sections:

. About floating-point support on page 11-2

. The ARM floating-point library on page 11-3

. Floating-point instructions on page 11-7

. Configuring the FPA support code for a new environment on page 11-13
. Controlling floating-point exceptions on page 11-14.
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11.1

11.11

About floating-point support

Thumb

Floating-point arithmetic on the ARM can be done in three ways:

. software floating-point library (fplib), supplied as part of the ARM C libraries
. hardware coprocessor (FPA) that executes a floating-point instruction set

. software floating point emulation (FPE), such as that used by the ARMulator.

When the floating-point library is used, the compiler makes calls to the library routines
to do floating-point calculations. For the other options, the compiler uses floating-point
instructions that are executed by either the FPA or the floating-point support code
(FPASC), or emulated by a floating-point emulator.

The software floating-point library cannot use a hardware FPA, and it does not support
some little-used facilities of the IEEE 754-1985 floating-point arithmetic standard. If
either of these is required for your system, you are recommended to use FPASC.

Because use of floating-point library calls and use of floating-point instructions implies
different procedure calling conventions, it is hot possible to combine the two methods.

The ARM compilers default to the software floating-point library. You can switch
armcc and armcpp to generate floating-point coprocessor instructions (see Chapter 6
Using the Procedure Call Standards inARM Software Development Tool kit User

Guide for more information).

For more information on floating-point support, refer to:
. the ARM FPA 10 datasheet (ARM DDI 00201)
. the IEEE standard for binary floating-point arithmetic (IEEE 754-1985).

The Thumb C compiler does not generate floating-point instructions, because these are
not available in the Thumb instruction set. The software floating-point library is the
only option available for tcc.

11-2
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11.2 The ARM floating-point library

The ARM software floating-point library provides a set of functions such as_dadd to
add two doubles.

The code compiled using the ARM floating-point library cannot use the following
facilities of the IEEE standard:

. underflow exceptions

. inexact exceptions

. rounding modes other than round to nearest
. extended precision.

11.2.1 Usage

The following APCS options control which floating-point mechanism is used by the
compilers:

/softfp Use software floating-point library functions. This is the default for ARM
processors without an FPU, and the only floating-point option available
to Thumb compilers.

/ hardf p Generate ARM coprocessor instructions for the FPA floating-point unit.
You may also specifyf pregar gs or/ nof pregargs. The/ har df p
and/ sof t f p options are mutually exclusive. This option is not available
for Thumb compilers.

Note that' har df p implies- f pu f pa. Use the f pu option in
preference té sof t f p and/ har df p.

Refer to Chapter Zhe ARM Compilers for more information.

11.2.2 Combining hardfp and softfp systems

With the software floating-point library, functions pass floating-point types in integer
registers. FPA systems pass floating-point results in floating-point registers. The two
return methods are not compatible. You should not mix ARM floating-point instructions
and calls to the softfp library.

ARM DUI 0041C Copyright © 1997 and 1998 ARM Limited. All rights reserved. 11-3



Floating-point Support

11.2.3  Floating-point library register usage

The software floating-point library provides a number of functions for basic
floating-point operation. | EEE double precision (doubl e) values are passed in pairs of
registers, and single precision (f | oat ) numbers are passed in a single register.

For example, _dadd isthe function to add two double precision numbers. It can be
considered as having the prototype:

extern doubl e _dadd(doubl e, double);

That is, the two numbersto be added are passed in rO/r1 and r2/r3. Theresult isreturned
inro/rl.

Similarly, the function _f add (single precision add) hasthe two arguments passed in rO
and r1, and the result returned in rO. Table 11-1 gives the complete set of functions
provided by the software floating-point library.

Table 11-1 Floating point library functions

Function Operation Argl (type) Arg2 (type) Result (type)
_dadd A+B r0/r1 (double) r2/r3 (double) r0/r1 (double)
_dsub A-B rO/rl (double) r2/r3 (double) rO/rl (double)
_drsb B-A r0/rl (double) r2/r3 (double) r0/rl (double)
_dmul A*B r0/rl (double) r2/r3 (double) r0/rl (double)
_ddiv A/B rO/rl (double) r2/r3 (double) rO/rl (double)
_drdv B/A rO/rl (double) r2/r3 (double) rO/rl (double)
_dneg -A rO/rl (double) rO/rl (double)
_fadd A+B r0 (float) rl (float) r0 (float)
_fsub A-B r0 (float) rl (float) r0 (float)

_frsb B-A r0 (float) rl1 (float) r0 (float)
_fmul A*B r0 (float) rl (float) r0 (float)

_fdiv A/B r0 (float) rl (float) r0 (float)

_frdv B/A r0 (float) rl (float) r0 (float)

_fneg -A r0 (float) r0 (float)

_dor A>B rO/rl (double) r2/r3 (double) r0 (boolean)

11-4
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Table 11-1 Floating point library functions (Continued)

Function Operation Argl (type) Arg2 (type) Result (type)
_dgeq A>=B r0/r1 (double) r2/r3 (double) r0 (boolean)
_dis A<B r0/r1 (double) r2/r3 (double) rO (boolean)
_dleq A<=B r0/r1 (double) r2/r3 (double) r0 (boolean)
_dneg A!=B r0/r1 (double) r2/r3 (double) r0 (bool ean)
_deq A==B r0/r1 (double) r2/r3 (double) rO (boolean)
_for A>B rO (float) rl (float) r0 (boolean)
_fgeq A>=B rO (float) rl (float) rO (boolean)
_fls A<B r0 (float) rl (float) rO (boolean)
_fleq A<=B rO (float) rl (float) rO (boolean)
_fneq A!=B rO (float) rl (float) rO (boolean)
_feq A==B rO (float) rl (float) rO (boolean)
_dflt (double)A rO (int) r0/r1 (double)
_dfltu (double)A rO (unsigned) r0/r1 (double)
_dfix (int)A r0/r1 (double) r0 (int)
_dfixu (unsigned)A rO/r1 (double) rO (unsigned)
_fflt (float)A r0 (int) r0 (float)
_ffltu (float)A rO (unsigned) rO (float)
_ffix (int)A r0 (float) r0 (int)
_ffixu (int)A r0 (float) r0 (unsigned)
_fad (double)A rO (float) r0/r1 (double)
_d2f (float)A rO/r1 (double) rO (float)
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11.2.4  Type formats

i nt, unsi gned 32-bit integer quantities.

bool ean either O (False) or 1 (True)
f1 oat | EEE single precision floating-point number. (See Figure 11-1)
doubl e | EEE double precision floating-point number. (See Figure 11-2)
31 30 23 22 0
Sign | Exponent msb Fraction 1sb

Figure 11-1 IEEE single precision floating-point format

31 30 20 19 0

First word |Sign| Exponent msb Fraction (ms part) 1sb

Second word| msb Fraction (ls part) 1sb

Figure 11-2 IEEE double precision floating-point format
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11.3  Floating-point instructions

The ARM assembler supports a comprehensive floating-point instruction set.
Floating-point operations are performed to the |EEE 754 standard. There are eight
floating-point registers, numbered fO to f7. Floating-point operations, like integer
operations, are performed between registers.

Note

Floating-point operations are only usable from armcc and in ARM assembly language
modules. They cannot be used from Thumb code because Thumb does not support the
COprocessor instructions.

Precision must be specified for many floating-point operations where shown as prec
below. The options are:

S single

D double

E extended

P packed BCD (only available for LDF and STF instructions).

In the following instruction patterns, r ound represents the rounding mode. It defaults
to round to nearest. It can be set in the appropriate instructions to:

P round to +infinity
M round to —infinity
z round to zero.

In the following instruction patternBx represents an ARM register, afd a
floating-point register.

ARM DUI 0041C
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11.3.1  Floating-point data transfer: LDF and STF

LDF load data to floating-point register
STF store data from floating-point register

The syntax of these instructionsis:

opcode{ cond} prec Fd, [ Rn, #offset]{!}
[Rn] {, #of fset}
programor-regi ster-rel ative-expressi on

The memory address can be expressed in one of threeways, asshown above. Inthefirst,
pre-indexed form, an ARM register Rn holdsthe base address, to which an offset can be
added if necessary. Writeback of the effective addressto Rn can beenabled using! The
offset must be divisible by 4, and within the range —1020 to 1020 bytes.

With the second, post-indexed form, writebackefof f set toRn after the transfer is
automatic, and the data is transformed from add®eseot addresBn plus offset.
Alternatively, a program-relative or register-relative expression can be used, in which
case the assembler generates a pc-relative or register-relative, pre-indexed address. If it
is out of range an error results.

11.3.2  Floating-point register transfer: FLT and FIX

FLT integer to floating-point transfer Fn := Rd
The syntax of this instruction is:

FLT{ condi ti on}prec{round} Fn, Rd
whereRd is an ARM register.
Fl X floating-point to integer transfer Rd := Fn
The syntax of this instruction is:

FI X{ condi ti on}{round} Rd, Fn

11-8
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11.3.3  Floating-point register transfer: status and control

Thefollowinginstructionstransfer val ues between the status and control registers of the
floating-point coprocessor, and an ARM general purpose register. The syntax of the
instructionsis:

opcode{ condi tion} Rd
Theinstructions are:

WFS wite floating-point status FPSR = Rd
RFS read fl oating-point status Rd: =FPSR
WFC wite floating-point control register
FPCR: = Rd (privil eged nodes only)
RFC read floating-point control register
Rd: =FPCR (privil eged nodes only)

WFC and RFC should never be used by code outside the floating-point system (that is, the
FPA and FPASC). They are only documented here for completeness.

11.3.4  Floating-point multiple data transfer: LFM and SFM

The load and store multiple floating point instructions are:
LFM load floating-point multiple
SFM store floating-point multiple

Theseinstructions are used for block datatransfers between the floating-point registers
and memory. Values are transferred in an internal 96-bit format, with no loss of
precision and with no possibility of an IEEE exception occurring, (unlike STFE which
may fault on storing atrapping NaN).

There are two forms, depending on whether the instruction is being used for stacking
operations or not. The first, nonstacking, formis:

opcode{ condi tion} Fd, count,[Rn]
[ Rn, #of fset]{!}
[ Rn], #of f set

Thefirst register to transfer is Fd, and the number of registersto transfer is count . Up
to four registers can be transferred, always in ascending order. The count wraps round
at f7, so if 6 is specified with four registersto transfer, f6, f7, f0, and f1 will be
transferred in that order.

With pre-indexed addressing, the destination/source register can be specified with or
without an of f set expressed in bytes. Writeback of the effective addressto Rn can be
specified with'! .

ARM DUI 0041C
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With post-indexed addressing (the third form above), writeback is automatically
enabled, and the datais transferred from address Rn, not (Rn plus offset). Note that r15
cannot be used with writeback, and that offset must be divisible by 4 and in the range
—1020 to 1020, as for other coprocessor loads and stores.

The second form adds a two-letter stacking mnemonic (bedaw the instruction and
optional condition codes. The mnemoRizdenotes a full descending stack
(pre-decrement push, post-increment pop), wiblléenotes an empty ascending stack
(post-increment push, pre-decrement pop). The syntax is as follows:

opcode{ condi tion}ss Fd, count,[Rn] {!}

FD andEA define pre-indexing and post-indexing, and the up/down bit by reference to
the form of stack required. Unlike the integer block-data transfer operationgDonly
andEA stacks are supported. The charattef present, enables writeback of the
updated base addressRa r15 cannot be the base register if writeback is enabled.

The possible combinations of mnemonics are listed below:

LFM-D load floating-point multiple from a full descending stack (post-increment
load)

LFMVEA load floating-point multiple from an empty ascending stack
(pre-decrement load)

SFMFD store floating-point multiple to a full descending stack (pre-decrement
store)

SFMEA store floating-point multiple to an empty ascending stack (post-increment
store)

11.3.5 Floating-point comparisons: CMF and CNF

The following instructions provide floating-point comparisons. The syntax of the
instructions is:

opcode{ condi tion} Fn, Fm
The instructions are:

CVF conpare floating-point conpare Fn with FnCMFE
CNF conpar e negated fl oati ng-point conpare Fn with - FnCNFE

CMF andCNF only raise exceptions for signallidgN operands and should be used to
test for equality (Z clear/set) and unorderedness (V set/clear). To comply with IEEE
754-1985, all other tests should @& E or CNFE, which may raise an exception if
either of the operands is any soriNai.

11-10
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11.3.6  Floating-point binary operations

The following instructions provide floating-point binary operations. The syntax of the
instructionsis:

bi nop{ condi ti on} prec{round} Fd, Fn, Fm

where:

Fm

Can be either a floating-point register, or one of the floating-point
constants, #0, #1, #2, #3, #4, #5, #10, or #0.5.

Fast operations produce results that may only be accurate to single
precision.

The instructions are:

ADF
MJF
SUF
RSF
DVF
RDF
POW
RPW
RMF
FML
FDV
FRD
POL

add Fd: =Fn+Fm

mul tiply Fd: =Fn*Fm

subtract Fd: =Fn-Fm

reverse subtract F d:=F m-Fn

divide F d=F nlFm

reverse divide F d:=F niF n

power Fd:=F n to the power of F m
reverse power F d:=F mto the power of F n
remainder F d:=remainder of F nlF m
fast multiply F d=F n*Fm

fast divide F d=FnlFm

fast reverse divide F d:=F niF n

polar angle F d:=polar angle of F nFm

(FATN(F niF n) whenever the
quotient exists)

ARM DUI 0041C
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11.3.7 Floating-point unary operations

The following instructions provide floating-point unary operation. The syntax of the
instructionsis:

unop{ condi tion} prec{round} Fd,Fm
where:

Fm can be either a floating-point register or one of the floating-point
constants #0, #1, #2, #3, #4, #5, #10, or #0.5.

The instructions are:

MWF nmove Fd: =Fm

IVNF nove negat ed Fd:=—F m

ABS absolute value F  d:=ABS(F m

RND round to integral value F d:=integer value of F m
(using current rounding mode)

URD unnormalized round F d:= integer value of F m
possibly in abnormal form

NRM normalize F d:= normalised form of F m

SQT square root F d:=square root of F m

LOG logarithm to base 10 F d=logF m

LGN logarithm to base e F d=In  Fm

EXP exponent F d:=eFm

SIN sine F d:=sine of F m

COS cosine F d:=cosine of F m

TAN tangent F d.=tangent of F m

ASN arc sine F d.=arc sine of F m

ACS arc cosine F d:=arc cosine of F m

ATN arc tangent F d:=arc tangent of F m
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11.4  Configuring the FPA support code for a new environment

For information on how to configurethe FPASC for anew environment, see Application
Note 10: Configuring the FPA Support Code/FPE (ARM DAI 0040).

Note

This application note also discusses configuring floating-point emulation (FPE). The
linkable FPE library isno longer supported by the ARM Software Devel opment Toolkit.
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11.5 Controlling floating-point exceptions

Both the/ har df p and/ sof t f p modes provide afunction, called __fp_stat us(),
for setting and reading the status of either the FPA or the floating-point library.

Example 11-1 isan extract from st dl i b. h:

Example 11-1

extern unsigned int _ fp_status(unsigned int /* mask */,unsigned int /*flags*/);

#define __ fpsr_I XEOx100000 /* inexact exception trap enable bit */

#define __ fpsr_UFEOx80000 /* underfl ow exception trap enable bit */

#define __fpsr_OFEOx40000 /* overfl ow exception trap enable bit */

#define __fpsr_DZEOx20000 /* divide by zero exception trap enable bit */
#define __fpsr_I CEOXx10000 /* invalid operation exception trap enable bit */
#define __ fpsr_| XCOx10 /* inexact exception flag bit */

#define _ fpsr_UFCOx8 /* underfl ow exception flag bit */

#define _ fpsr_OFCOx4 /* overflow exception flag bit */

#define __fpsr_DzC0x2 /* divide by zero exception flag bit */

#define __ fpsr_I OC0x1 /* invalid operation exception flag bit */

mask and f | ags are bitfields that correspond directly to the floating-point status
register (FPSR) in the FPA and the floating-point library.

Thefunction__f p_st at us() returnsthe current value of the status register, and also
sets the writable bits of the word (the exception control and flag bytes) to:

new = (old & ~nask) ~ flags;

Four different operations can be performed on each status register bit, determined by the
respective bitsin mask and f | ags. These are shown in Table 11-2.

Table 11-2 Status register bit operations

mask bit flags bit effect

0 0 no effect

0 1 toggle bit in status register
1 0 clear bit in status register
1 1 set bit in status register
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11.5.1 Return value

The__fp_status() function returns a one word (four byte) result that contains the
current value of the status register, before any changes are applied.

Initially all exceptions are enabled, and no flags are set.

System ID byte

Bits 31:24 contain asystem ID byte. The currently defined values are:

0x00 pre-FPA floating-point emulator

0x01 FPA compatible floating-point emulator
0x40 floating-point library

0x80 FPPC (obsolete)

0x81 FPA10 (with FPASC modul€)

Thetop bit (bit 31) is used to distinguish between hardware and software systems, and
bit 30 is used to distinguish between software emulators and software libraries.

Exception trap enable byte

Each bit of the exception trap enable byte corresponds to one type of floating-point
exception.

—— Note

The current floating-point library never produces those exceptions marked witha*. A
bit in the cumulative exception flags byte is set as aresult of executing afloating-point
instruction only if the corresponding bit is not set in the exception trap enable byte. If
the corresponding bit in the exception trap enable byte is set, aruntime error occurs
(Sl GFPE israised in a C environment).
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Bits 23:16 control the enabling of exceptions on floating-point errors:

bits 23:21 reserved

bit 20 (I1XE) inexact exception enable*

bit 19 (UFE) underflow exception enable*

bit 18 (OFE) overflow exception enable

bit 17 (DZE) divide by zero exception enable
bit 16 (IOE) invalid operation exception enable

A set bit causes the system to take an exception trap if an error occurs. Otherwise a bit
is set inthe cumul ative exception flags (see Figure 11-3) and the | EEE defined result is
returned.

7.5 4 3 2 1 0

Reserved XC | UFC |OFC | DZC | IOC

Figure 11-3 Cumulative exception flags byte

System control byte

Thisbyteis not used in the floating-point library system. Refer to the FPA datasheet for
details of its meaning under FPA.

In particular, the NaN exception control bit (bit 9) isnot supported by the floating-point
library.
Exception flags byte

Bits 7:0 contain flags for whether each exception has occurred in the same order asthe
exception trap enable byte (see Figure 11-4). Exceptions occur as defined by |EEE 754.

23 22 21 20 19 18 17 16

Reserved | IXE | UFE | OFE | DZE | IOE

Figure 11-4 Exception trap enable byte
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Example 11-2 gives four examples of using __f p_st at us() .

Example 11-2

Floating-point Support

status = _ fp_status(0,0);
/* reads the status register,

__fp_status(__fpsr_DZE, 0);
/* disabl e divide-by-zero exception trap */

case 0x0: case Ox1:
printf("Software enul ati on\n");
br eak;
case 0x40:
printf("Software library\n");
br eak;
case 0x80: case 0x81:
printf("Hardware\n");
br eak;
defaul t:
printf("Unknown ");
if (flags & (1<<7))
printf("hardware\n");
el se
printf("software %\n",
flags & (1<<6) ? "library"
br eak;

does not change it */

overflow = __fp_status(__fpsr_OFC,0) & _ fpsr_OFC
/* read (and clear) overflow exception flag bit */

/* Report the type of floating-point system being used. */
switch (flags=(__fp_status(0, 0)>>24))

"enul ation");

ARM DUI 0041C
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Chapter 12
ARMulator

Thischapter givesreferenceinformation about the ARMulator. It containsthefollowing
sections:

. About the ARMulator on page 12-2

. Modeling an ARM-based system on page 12-3

. Basic model interface on page 12-7

. The memory interface on page 12-13

. Memory model interface on page 12-16

. Coprocessor model interface on page 12-24

. Operating system or debug monitor interface on page 12-36
. Using the floating-point emulator (FPE) on page 12-40
. Accessing ARMulator state on page 12-42

. Exceptions on page 12-55

. Upcalls on page 12-57

. Memory access functions on page 12-68

. Event scheduling functions on page 12-70

. ARMulator specific functions on page 12-75

. Accessing the debugger on page 12-83

. Events on page 12-87.
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12.1

About the ARMulator

The ARMulator is a program that emulates the instruction sets and architecture of
various ARM processor cores. It provides an environment for the development of
ARM -targeted software on the supported workstation and PC host systems.

The ARMulator isinstruction-accurate. That is, it models theinstruction set and counts
cycles accurately. Asaresult, it iswell suited to software development and
benchmarking of ARM-targeted software. It is not a cycle-accurate model because it
does not model the precise timing characteristics of processors.

The ARMulator also supportsafull ANSI C library to enable complete C programs to
run on the emulated system. Refer to Chapter 4 The C and C++ Librariesfor more
information on C library support. See also Chapter 13 Angel in the ARM Software
Devel opment Toolkit User Guide for information on the C library semihosting SWIs
supported by ARMulator.

The ARMulator is transparently connected to the ARM debuggersto provide a
hardware-independent ARM software development environment. Communication
takes place across the Remote Debug Interface (RDI). You can supply models written
in C that interface to the external interface of the ARMulator.

Thischapter providesdetails of the functionsyou can useto write your own models. For
additional information about the ARMulator, refer to the ARM Software Devel opment
Toolkit User Guide.

12-2
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12.2  Modeling an ARM-based system

A minima ARMulator environment consists of:

Remote Debug I nterface (RDI)

ARM Core model

Memory interface

Memory model

Thisis the interface between the ARMulator and its host
debugger.

Thisisthe model of an ARM processor such as the ARMB,
ARM710, or StrongARM.

Thisisthe interface between the ARM core and the memory
model. Refer to The memory interface on page 12-13 for more
information.

Thisisthe model of the memory system for a specific ARM core
model. Map files can support simple memory only, other memory
models can support memory mapped 1/O. Refer to Memory model
interface on page 12-16 for more information on memory model
interface functions.

Additional ARMulator models are used to model coprocessors, interface to host
operating systems, and extend ARMulator functionality. These modelsinclude:

Basic

Veneer memory

Coprocessor

Operating System

These can be used to add functionality to the ARMulator. There
aretwo types of basic model, early and late. Refer to Basic model
interface on page 12-7 for detailed information.

Additional memory models, called veneer memory models, can
be installed between the ARM Core model and the default
memory model. Refer to Installing a veneer memory model on
page 12-8 for more information.

These model ARM coprocessors. Refer to Coprocessor model
interface on page 12-24 for information on coprocessor model
interface functions.

These provide avirtual interface between the host and the ARM
model. Refer to Operating system or debug monitor interface on
page 12-36 for more information on O/S model interface
functions.

The Remote Debug Interface and ARM Core modelsare built into the ARMulator. You
can add your own basic, memory, veneer memory, coprocessor, and operating system

models.
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1221

12.2.2

12.2.3

Model stubs

Basic models, memory models, coprocessor models, and operating system models
attach to the ARMulator through a stub. This stub consists of an initialization function
and atextual name for the model, which the ARMulator usesto locate it. Some samples
are provided in the rebuild kit to help you implement new models.

You can attach any number of models to an ARMulator without modifying existing
models. You select the model to use when you run the ARMulator, and you do not need
to recompile.

At startup, the ARMulator locates the model, then calls the initialization function,
passing in a pointer to a structure containing alist of pointers that the model should fill
in with implementation functions. The model should also register an Exi t Upcal | ()
(see ExitUpcall on page 12-59) during initialization, to free any stateit sets up.
Model initialization sequence

The model initialization functions are called in the following order:

1.  ARMulator Core model.

2. Early basic models (see Basic model interface on page 12-7).

3. Memory models, including veneer memory models installed by an early basic
model (see Basic model interface on page 12-7)

4.  Coprocessor models.
5. Operating system models.

6. Late basic models (see Basic model interface on page 12-7).

The ARMul_State state pointer

ARMUI _St at e isan opague data type that is a handle to the internal state of the
ARMulator. All the models are passed a st at e variable of type ARMul _St at e. The
ARMulator exports a number of functions to enable you to access ARMulator state

st ruct members. See Accessing ARMulator state on page 12-42 for moreinformation.

Handling armsd map files

The ARMulator doesnot directly support ar msd. map files. However, amemory model
can intercept the RDI Menory_Access, RDI Menory_Map, and
RDI I nf o_Menory_St at s RDI messages, and implement this functionality directly.

12-4
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The sample model ar mmap. ¢ does this, and implements a basic memory system that
inserts wait states according to the memory speeds specified in the ar msd. map file.
Refer to the ARMulator chapter in the ARM Software Devel opment Toolkit User Guide
for more information on map files.

12.2.4  Configuring models through ToolConf

ARMulator modelsare configured through the Tool Conf . The Tool Conf isadatabase
of tags and values that the ARMulator reads from a configuration file (ar mul . cnf)
during initialization. The configuration file is documented in Application Note 52, The
ARMulator Configuration File (ARM DAI 0052).

A number of functions are provided for looking up values from this database. The full
set of functionsis defined int ool conf . h. All the functions take an opague handle
caled at ool conf.

The most frequently used functions are described bel ow.

12.2.5 ToolConf_Lookup

This function performs alookup on a specified tag in the ar mul . cnf database. If the
tag isfound, its associated value is returned. Otherwise, NULL is returned.

Syntax

const char *Tool Conf _Lookup(tool conf hashv, const char *tag)

where:

hashv isthear mul . cnf database to perform the lookup on.

tag isthe tag to search for in the database. The tag is case-dependent.
Return

The function returns:
. aconst pointer to the tag value, if the search is successful

. NULL, if the search is not successful.

Example

const char *option = Tool Conf_Lookup(db, ARMul Cnf_Si ze);

/* ARMUl Cnf_Size is defined in arncnf.h */

ARM DUI 0041C
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12.2.6 ToolConf_Cmp
This function performs a case-insensitive comparison of two Tool Conf database tag
values.
Syntax

i nt Tool Conf_Cnp(const char *sl1, const char *s2)

where:

s1 isapointer to the first string value to compare.
s2 isapointer to the second string value to compare.
Return

The function returns:
. 1, if the strings are identical

. 0, if the strings are different.

Example

if (Tool Conf_Cnp(option, "8192"))
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12.3 Basic model interface

The simplest model interfaceisthe Basic model. Thisprovides amechanism for calling
auser-supplied function during initialization (see Basic model initialization function on
page 12-10). The function can then install upcalls, for example, to add functionality.

Basic models can beinitialized either before or after memory models are initialized.
This means that there are two distinct types of basic model:

. Early models
. Late models.

Whether a basic model is early or late is controlled by the location of its configuration
in the ARMulator configuration file. See Application Note $8e ARMulator
Configuration File (ARM DAI 0052) for more information.

12.3.1 Late basic models

Late basic models are initialized after the memory models. They can call the memory
system, and can, for example, initialize the memory contentp.ablee abl e. ¢ model

is an example of a late basic model. It writes an MMU pagetable to memory, after the
memory system and MMU have been initialized.

12.3.2 Early basic models

Early basic models are initialized before memory models and can change the way the
memory interface is initialized, primarily through calling

ARMUIl _I nstal | Menoryl nterface() (seeARMul_InstallMemorylnterface on page
12-11). In particular, early basic models can be used to install additienedy

memory models.

Early models must not call the memory system (for exam@eyl _WiteWord()),
because it is not initialized when the early model is called.

Thewat chpnt . ¢ andt r acer . ¢ models are examples of early basic models. These
models install watchpoint and trace veneer memory models. The following sections
give more information on installing a veneer memory model.
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Installing a veneer memory model

By default, the ARMulator initialization sequence installs the default memory model
for a specific processor core. For example, Figure 12-1 shows the model hierarchy for
an ARM7 after the memory model initialization function has completed.

ARM Core

Memory Interface

Default Memory
Model

Figure 12-1 Minimal ARMulator model

You can use an early basic model to install any number of veneer memory models. The
seguence of eventsis:

1.

Define the early model in ar mul . cnf . The ARMulator callsthe initialization
function for the early model (see Basic model initialization function on page
12-10).

The early model initialization function must call

ARMUIl _I nstal | Menoryl nterface() toinstal the memory interface for the
veneer memory model. Thisisrequired only if you areinstalling veneer memory
models (see ARMul_InstallMemorylinterface on page 12-11).

When theinitialization function for the early model returns, the ARMulator calls
the memory model initialization function for the veneer memory model (see
Memory model initialization function on page 12-17).

Theinitiaization function must call the initialization function for the model
underneath it, either another veneer model or the standard memory model if there
are no more veneer memory models installed.

When all veneer models are installed, the initialization function for the standard
memory model for the processor model is called (Memory model initialization
function on page 12-17).
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Figure 12-2 shows an example of amodel hierarchy with the watchpoint veneer
installed.

ARM Core

Memory Interface

Watchpoints
Veneer Model

Memory Interface

Default Memory
Model

Figure 12-2 Veneer model hierarchy
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12.3.3

Basic model initialization function

A basic model exports afunction that is called during initialization. You must provide
the model initialization function. If the model and the function are registered, and an
armul . cnf entry isfound, then the model initialization function is called.

The name of the function is defined by you. In the description below, the name
Model | ni t isused.
Syntax

static ARMUl _Error Mbdel I nit (ARMIl _State *state,
t ool conf config)

where:
state isthe ARMulator state pointer.

config is the configuration database.

Return

This function returns either:
. ARMUI Er r _NoEr r or, if there is no error during initialization.
. An ARMUI _Error value.

Seear nerrs. handerrors. h for afull list of error codes. The error should be passed
throughARMul _Rai seError () for formatting (seéARMul_RaiseError on page

12-75).

Example

The following example is fromat chpnt . c.

#define Model Nane (tag_t)"Wat chPoi nts”

static ARMUl _Error Mbdel I nit (ARMIl _State *state,
t ool conf confi g)

{
}

ARMUl _Model Stub ARMUI _Wat chPointslinit = {
Model | ni t,
Model Nane

return ARMUl _Install Menmoryl nterface(state, TRUE, Mbdel Nane);

}
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12.3.4 ARMul_InstallMemorylnterface

This function must be called from an early basic model that isinstalling a veneer
memory model. It installs the memory interface for the veneer memory model.
Syntax

ARMUl _Error ARMUl _Install Menoryl nterface( ARMuUl _State *state,
unsi gned at_core,
tag_t new nodel)

where:
state isapointer to the ARMulator state.
at_core indicates where to place the model:

0 places the model immediately above the lowest
memory model in the memory hierarchy.

non- zero places the model immediately below the processor.

new_nodel names the veneer memory model.

Return

This function returns either:
. ARMUI Er r _NoErr or, if there is no error during installation.
. An ARMuUl _Error value.

Seear nerrs. h anderror s. h for a full list of error codes. The error should be passed
throughARMuI _Rai seError () for formatting (seéRMul_RaiseError on page
12-75).

Usage

This function must be called before the memory models are initialized, for example,
from an early model (se€arly basic models on page 12-7).

For a simple processor and memory systegmcor e has no effect, because the lowest
memory model is the one immediately below the processor. However, for a cached
processor, a cache model sits between the processor and the lowest memory model,
shown in Figure 12-3 on page 12-12.

ARM DUI 0041C
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Figure 12-3 Inserting into a cache hierarchy

12-12

Copyright © 1997 and 1998 ARM Limited. All rights reserved. ARM DUI 0041C



ARMulator

12.4  The memory interface

The memory interface isthe interface between the ARMulator core and the memory
model.

Becausethere are many core processor types, there are many memory typevariants. The
memory initialization function istold which typeit should provide (see Memory model
initialization function on page 12-17). A model must refuse to initialize in the case of

an unrecognized memory type variant.

If you install aveneer memory model between the default memory model and the ARM
core, you must explicitly install the memory interface for the veneer model by calling
ARMUI _I nstal | Menoryl nterface().See ARMul_InstallMemorylnterface on page
12-11 and Installing a veneer memory model on page 12-8 for more information.

Note

ThenTRANS signal from the processor is not passed to the memory interface. Because
this signal changes infrequently and might not be used by a memory model, a model
should use Tr ansChangeUpcal | () totrack nTRANS (see TransChangeUpcall on
page 12-61).

12.4.1 Memory type variants

The memory type variants are defined in the ARMul _Mem nt er f ace structurein
ar mmem h. They are described in the following sections.

Basic memory types

There arethree basic variants of memory type. All three use the samefunction interface
to the core. The types are defined as follows:

ARMUl _MeniType_Basi c
supports byte and word loads and stores.

ARMUl _MenTType_16Bi t
isthesameasARMUlI _MenType_Basi ¢ but with the addition of halfword
loads and stores.

ARMUl _MeniType_Thunb
isthe same as ARMul _MeniType_16Bi t but with halfword instruction
fetches (that can be sequential). Thiscan indicateto amemory model that
most accesses will be halfword-instruction-sequential rather than the
usual word-instruction-sequential.

ARM DUI 0041C
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Note

Memory models that do not support halfword accesses should refuse to initialize for
ARMul _MeniType_16Bit and ARMul _MeniType_Thunb.

For all three types, the model should fill inthei nt er f - >x. basi ¢ function pointers.

Thefilear nf | at . ¢ contains an example function that implements abasic model. In
byt el ane. c, thereis an example of amodel of an ASIC that converts the basic
memory types into the byte-lane version.

Cached versions of basic memory types

There are three variants of the basic memory types for cached processors such as the
ARM710 and ARM740T. These variants are defined as follows:

. ARMul _MeniType_Basi cCached
. ARMUIl _MenTType_16Bi t Cached
. ARMUIl _MenTType_ThunbCached

:These differ from the basic equivalents in that there are only two types of cycle:
. Memory cycle, wheracc_MREQ acc) is TRUE
. Idle cycle, whereacc_MREQ( acc) is FALSE.

A non-sequential access consists of an Idle cycle followed by a Memory cycle, with the
sameaddr ess supplied for both.

A sequential access is a Memory cycle, veitlir ess incremented from the previous
access.

Byte-lane memory for StrongARM

StrongARM variants are defined as follows:

. ARMUI _MenTType_St r ongARM

. ARMUl _MeniType_Byt eLanes

Externally, StrongARM can use a byte-lane memory interface. There is a StrongARM
variant of the basic memory type that handles this. All the function types are the same,
and the model must still fill in the basic part of &®\vul _Men nt er f ace structure,

but the meaning of theRMul _acc word passed to theccess() function is different.

The StrongARM variant replacesc_W DTH (seearmul_MemAccess on page 12-21)
with acc_BYTELANE( acc) . This returns a four-bit mask of the bytes in the word
passed to theccess() function that are valid.

12-14
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There is no endianness problem with this method of access. The model can ignore
endianness. Bit 0 of thisword correspondsto bits 0-7 of the data, bit 1 to bits 8-15, bit 2
to bits 16-23, and bit 4 to bits 24-31.

ARM8 memory type

The ARM8 memory type is defined as follows:

. ARMUl _MenTType_ARM

This is a double bandwidth interface. The ARMS8 core can request two sequential
accesses per cycle.

ARM9 memory type

The ARM9 memory type is defined as follows:

. ARMUl _MenTType_ARM

The ARM9, 920, and 940 memory type has the same memory type for cached and
non-cached cores. This is a Harvard architecture memory system.

Note
The data and instruction address space is common.

ARM DUI 0041C
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12.5 Memory model interface

The memory model interface is defined in thefile ar mmem h (which is#i ncl uded
from ar ndef s. h). All memory accesses are performed through a single function
pointer that is passed aflagsword. Theflagsword consists of abitfield in which the bits
correspond to the signals on the outside of the ARM processor. This determinesthetype
of memory access that is being performed.

At initialization time, the initialization function registers a number of functionsin the
memory interface structure, ARMul _Mem nt er f ace inar mem h. The basic entries
are:

typedef struct arnul _mem nterface ARMUI Meml nterface;
struct arnmul _nmem nterface {
voi d *handl e;
armul _Readd ock *read_cl ock;
ar mul _ReadCycl es *read_cycl es;
uni on {
struct {
armul _MemAccess *access;
armul _Get Cycl eLength *get _cycl e_I| engt h;
} basic;
/1 ... other processor specific entries follow

The following sections describe the initialization function and the basic function
entries:

. Memory model initialization function on page 12-17
. armul_ReadClock on page 12-19

. armul_GetCyclel ength on page 12-19

. armul_ReadCycles on page 12-20

. armul_MemAccess on page 12-21.

There are two functions that allow you to set and return the address of the top of
memory. These are described in:

. ARMul_SetMemSize on page 12-23
. ARMul_GetMemSze on page 12-23.
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12.5.1 Memory model initialization function

The memory model exports afunction that is called during initialization. You must
provide the memory model initialization function. If the model and the function are
registered, and an ar nul . cnf entry isfound, then the memory model initiaization
function is called.

Thename of thefunctionisdefined by you. Inthe description below, the nameMend ni t
isused.

Syntax

static ARMUl _Error Mem nit(ARMUl _State *state,
ARMUl _Mem nterface *interf,
ARMUI _MenTType vari ant,
t ool conf config)

where:

state isapointer to the ARMulator state.

interf isapointer to the memory interface structure. See the
ARMul _Mem nt er f ace structure in ar rmem h for an example.

vari ant isthememory interfacevariant. Seethe ARMul _Menilype enumerationin
ar mmem h. Refer to Memory type variants on page 12-13 for a
description of the variants.

config is the configuration database.

Return

This function returns either:
. ARMUI Er r _NoErr or, if there is no error during initialization.
. An ARMUl _Error value.

Seear nerrs. h anderrors. h for a full list of error codes. The error should be passed
throughARMuI _Rai seError () for formatting (seéRMul_RaiseError on page
12-75).
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Usage

Theinitialization should set the handle for the model by assigning to

i nterf->handl e. The handleis usually a pointer to the state representing this
instantiation of the model. It is passed to all the access functions called by the
ARMulator. See a'so ARMul_AddCounter Desc and ARMul_AddCounterValue on page
12-80.

This function should also be used to:

. register any upcalls

. announce itself to the user usigvul _PrettyPrint ().

. attach any associated coprocessor models (CP15, for example) and set up its state.

Example

Refer to the definition ofem ni t inarnfl at. c for an exampleMem ni t installs
ReadC ock(), ReadCycl es(), MemAccess(), andGet Cycl eLengt h() functions.
Refer to the following sections for more information on implementing these functions:

. armul_ReadClock on page 12-19

. armul_GetCyclel ength on page 12-19
. armul_ReadCycles on page 12-20

. armul_MemAccess on page 12-21.
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12.5.2 armul_ReadClock

This function should return the elapsed time in p-seconds since the emulation model
reset.

Ther ead_cl ock entry in theARMul _Mem nt er f ace structure is a pointer to an
armul _Readd ock() function.

Syntax

unsi gned | ong armul _Readd ock(void *handl e)

where:

handl e is a pointer to the ARMulator state.

Return

The function returns an unsigned long value representing the elapsed time in p-seconc
since the model reset.

Usage

A model can supply NULL if it does not support this functionality.

12.5.3 armul_GetCycleLength

Theget _cycl e_| engt h entry in theARMul _Mem nt er f ace structure is a pointer to
anar nul _Get Cycl eLengt h() function. This function should return the length of a
single cycle in units of one tenth of a nanosecond.

You should implement this function, even if the implementation is very simple. The
function name is defined by you.

Syntax

unsi gned | ong armul _Get Cycl eLengt h(voi d * handl e)

where:

handl e is a pointer to the ARMulator state.

Return

The function returns an unsigned long representing the length of a single cycle in units
of one tenth of a nanosecond. For example, it returns 300 for a 33.3MHz clock.

ARM DUI 0041C
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1254

armul_ReadCycles

Theread_cycl es entry inthe ARMul _Mem nt er f ace structure is a pointer to an
armul _ReadCycl es() function. This function should calculate the total cycle count
since the emulation model reset. You should implement this function, even if the
implementation is very simple. The function name is defined by you.

Syntax
const ARMul _Cycl es *armul _ReadCycl es(voi d * handl e)
where:

handl e is apointer to the ARMulator state.

Return

The function is called each time the counters are read by the debugger. The function
calculates the total cycle count and returns a pointer to the ARMul _Cycl es structure
that contains the cycle counts. The ARMul _Cycl es structureis defined as:

typedef struct {unsigned |ong Total;
unsi gned | ong NumNcycl es, Nunfscycl es,
NunCcycl es, Numl cycl es, NunfFcycl es;
unsi gned | ong CoreCycl es;
} ARMUl _Cycl es;

Usage

A model can keep count of the accesses made to it by the ARMulator by providing this
function. The value of the Cor eCycl es field in ARMul _Cycl es, isprovided by the
ARMulator, not the memory model. When you write this function you must calculate
the Tot al field, because thisisthe value returned when ARMuI _Ti me() iscalled. See
Event scheduling functions on page 12-70 for a description of ARMul _Ti ne() .

These counters are also used to provide the $st at i sti cs variable inside the ARM
debuggers, if the memory model does not use ARMul _AddCycl eDesc() and

ARMuUI _AddCount er Desc() . See Upcalls and ARMulator specific functions on page
12-75.

Example

ARMUl _Cycl es *cycl es;

cycles = interf->read_cycl es(handl e);

/'l where interf is a pointer to the menory interface structure.
/1 and handle is a void * pointer to the ARMUl _State structure.
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12.5.5 armul_MemAccess

Theaccess entry inthe ARMul _Men nt er f ace structureis a pointer to an
armul _MemAccess() function. Thisfunction iscalled on each ARM core cycle.

You must implement this function, even if the implementation is very simple. The
function name is defined by you.

Syntax

int armul _MemAccess(void *handl e, ARMwrd address,
ARMwrd *data, ARMIl _acc access_type)

where:
handl e isthevalue assigned toi nt er f - >handl e in theinitiaization function.
address isthe value on the address bus.

dat a isapointer to the datafor the memory access. Refer to the Usage section
below for details.

access_type

encodes the type of cycle. On some processors (for example, cached
processors) some of the signalswill not be valid. The macros for
determining access type are:

acc_MREQ acc)

chooses between memory request and non-memory request
acCesses.

acc_WRI TE(acc) or acc_READ(acc)
for memory cycles, determines whether thisisaread or write
cycle(NOT acc_READimpliesacc_WRI TE, and NOT
acc_WRI TE impliesacc_READ).

acc_SEQ acc)
for amemory cycle, thisis TRUE if the addressis the same as,
or sequentially follows from the address of the preceding
cycle. For anon-memory cycle it distinguishes between
coprocessor (acc_SEQ) and idle (not acc_SEQ) cycles.

acc_OPC(acc)
for memory cycles, thisis TRUE if the data being read is an
instruction. (It is never TRUE for writes.)
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acc_LOCK(acc)
distinguishes a read-lock-write memory cycle.

acc_ACCOUNT(acc)
iSTRUE if the cycleis coming from the ARM core, rather than
the remote debug interface.

acc_W DTH( acc)
returnsBI TS_8,BI TS_16, or Bl TS_32 depending on whether
abyte, halfword, or word is being fetched/written on a data
access.

Return
The function returns:
. 1, to indicate successful completion of the cycle.

. 0, to indicate that the processor should busy-wait and try the access again next
cycle.

. -1, to signal an abort.

Usage

Reads For reads, the memory model function should write the value to be read
by the core to the word pointed to tiyt a. For example, with a byte load
it should write the byte value, with a halfword load it should write the
halfword value.

The model can ignore the alignment of the address passed to it because
this is handled by the ARMulator. However, it must present the bytes of
the word in the correct order for the endianness of the processor. This can
be determined by using eitheCanf i gChangeUpcal | () upcall or

ARMul _Set Confi g() (seeAccessing ARMulator state on page 12-42).

ar mdef s. h provides a flag variable/macro nantégst Endi an, which
is TRUE if the ARMulator is running on a big-endian machine. See the
arnfl at. c sample file for an example of how to handle endianness.

Writes For writes,dat a points to the datum to be stored. However, this value
may need to be shortened for a byte or halfword store.

As with reads, endianness must be handled correctly.
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This function should be called during memory initialization. It specifies the size, and

therefore the top of memory.

Syntax

ARMword ARMUI _Set MenSSi ze( ARMUl _State *state, ARMwrd size)

where:

state isapointer to the ARMulator state.

si ze isthe size of memory in bytes (word aligned).
Return

The function returns the previous MensSi ze value.

Usage

The value of si ze should not exceed 0x80000000.

12.5.7 ARMul_GetMemSize

This function returns the address of the top of memory.

Syntax
ARMwor d ARMUI _Get MenSSi ze( ARMUl _St ate *state)
where:

state isapointer to the ARMulator state.

Return

The function returns the highest available address in memory.

Usage

Thisfunction can be used, for example, by adebug monitor model totell an application

where the top of usable memory is, so it can set up application memory.
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12.6  Coprocessor model interface
The coprocessor model interfaceis defined in ar ndef s. h. The basic coprocessor
functions are:
. init on page 12-28
. Idc on page 12-29
. stc on page 12-30
. mrc on page 12-31
. mcr on page 12-32
. cdp on page 12-33.
In addition, two functions are provided that enable a debugger to read and write
coprocessor registers through the Remote Debug Interface. They are:
. read on page 12-34
. write on page 12-35.
If a coprocessor does not handle one or more of these functions, it should leave their
entries in theARMul _CPI nt er f ace structure unchanged.

12.6.1 The ARMul_CPInterface structure
The coprocessor initialization structure contains a set of function pointers for each
supported operation. You must use the coprocessor initialization function to install your
functions in the structure at initialization. Refeilind on page 12-28 for more
information.
This structure also contains a pointer teeg_byt es array that contains:
. the number of coprocessor registers, in the first element
. the number of bytes available to each register, in the remaining elements.
For exampledummynmu. ¢ defines an array of eight registers, each of four bytes:
static const unsigned int MVMURegBytes[] = {8, 4,4,4,4,4,4,4, 4},
Definition
The ARMUI _CPI nt er f ace structure is defined as:
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typedef struct ARMul _cop_interface_str ARMul _CPInterface;

struct ARMUl _cop_interface_str {

voi d *handl e; /* A nmodel private handle */
armul _LDC *| dc; /* LDC instruction */
armul _STC *stc; /* STC instruction */
armul _MRC *nrc; /* MRC instruction */
armul _MCR *ncr; /* MCR instruction */
armul _CDP *cdp; /* CDP instruction */
armul _CPRead *read; /* Read CP register */
armul _CPWite *wite; /* Wite CP register */
const unsigned int *reg_bytes; /* map of CP reg sizes */

}

Example

In Example 12-1 on page 12-26, if the core has a memory management unit (MMU), a
predefined mmu- >RegByt es is used. If the core has a protection unit (PU), the size of
RegByt es[ 7] and RegByt es[ 8] ismodified. RegByt es[ 7] correspondsto CP

register 6 and RegByt es[ 8] corresponds to CP register 7.

CPregister 6 isthe protection region base/sizeregister and has eight indexableregisters,

soitisset to sizesi zeof (ARMaor d) * 8.

Refer to the ARM Architectural Reference Manual for more information on the MMU

and PU.
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Example 12-1
{
if (mem>prop & Cache_ProtectionUnit_Prop)
{
/* Use the PU */
mmu- >RegByt es[ 0] =8; /'l has 8 registers
mmu- >RegByt es[ 7] =si zeof (ARMaord) *8; // register 7 is 8 words |ong
nmmu- >RegByt es[ 8] =si zeof (ARMnor d) ; /1 register 8 is a single word
interf->nrc=PU_MRC,
interf->ncr=PU_MCR,
interf->read=PU _CPRead;
interf->wite=PU CPWite;
i nterf->reg_bytes=nmu->RegByt es;
ARMUl _PrettyPrint(state,", PU');
/* Initialise PU Area registers to 0 */
for ( 1=0; i<=7; i++)
{
mu- >PU_Areas[i]. PU_Regi st er =0;
}
}
else /* Use the MW */
{
interf->nrc=MRC,
interf->ncr=MCR,
i nterf->read=CPRead,;
interf->wite=CPWite;
i nterf->reg_bytes=nmu->RegByt es;
ARMUl _PrettyPrint(state,"”, MW");
}
}
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12.6.2 ARMul_CoProAttach

Coprocessors are either initialized directly by the ARMulator as appropriate, or can be
attached directly by another model by calling ARMul _CoPr oAt t ach() . Aswith
memory models, the coprocessor initialization function is used to fill in the interface
structure. ARMul _CoPr oAt t ach() registersthe coprocessor initialization function for
a specified processor. You must implement this function.

Syntax

ARMUl _Error ARMuUl _CoProAttach(ARMil _State *state,
unsi gned nunber,
const ARMUI _CPInit *init,
t ool conf config,
voi d *sibling)

where:

state isapointer to the ARMulator state.

nunber is the coprocessor number to attach.

init is a pointer to a coprocessor initialization function.
config is the configuration database.

si bling is apointer to the state to be shared with the coprocessor.

Return

This function returns either:
. ARMUI Er r _NoErr or, if there is no error during initialization.
. An ARMUl _Error value.

Seear nerrs. h anderror s. h for a full list of error codes. The error should be passed
throughARMul _Rai seError () for formatting (seéRMul_RaiseError on page

12-75).

Example

error = ARMUl _CoProAttach(state, 4, init, config, handle);
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12.6.3 init
Thisis the coprocessor initialization function. This function fillsin the
ARMUI _CPI nt er f ace structure for the coprocessor model (see The
ARMul_CPInterface structure on page 12-24).
Syntax
ARMUl _Error init(ARMIl _State *state, unsigned num
ARMUl _CPInterface *interf, tool conf config,
voi d *sibling)
where:
state isapointer to the ARMulator state.
num is the coprocessor number.
interf isapointer to the ARMul _CPI nt er f ace structure to befilled in.
config isthe configuration database.
si bling identifies associations between the coprocessor and other emul ated
components, such as sibling coprocessors. For example, a system may
have apair of coprocessors that must be aware of each other. Thisisthe
value passed to ARMul _CoPr oAt t ach().
Return
This function returns either:
. ARMUIl Err _NoEr r or, if there is no error.
. An ARMUl _Error value.
Seear nerrs. handerrors. h fora full list of error codes. The error should be passed
throughARMul _Rai seError () for formatting (seéARMul_RaiseError on page
12-75).
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12.6.4 Idc

Thisfunction is called when an LDC instruction is recognized for a coprocessor. If the
requested coprocessor register doesnot exist or cannot be written to, the function should
return ARMUl _ CANT. You should implement this function.

Syntax

unsi gned | dc(voi d *handl e, unsigned type, ARMwrd instr,
ARMwor d  dat a)

where:
handl e is a pointer to the ARMulator state.
type isthe type of coprocessor access. This can be one of:

ARMuUl _FI RST indicates that thisisthe first time the coprocessor
model has been called for thisinstruction.

ARMul _TRANSFER requests transfer.

ARMul _I NTERRUPT warns the coprocessor that the ARM is about to
service an interrupt, so the coprocessor should
discard the current instruction. Usually, the
instruction will be retried later, in which case the
t ype will bereset to ARMul _FI RST.

ARMUl _DATA indicates that valid dataisincluded in dat a.

instr the current opcode.
dat a is the data being transferred to the coprocessor.
Return

The function should return one of:

. ARMUI _I NC, to request more data from the core.

. ARMuUI _DONE, to indicate that the coprocessor operation is complete.
. ARMuUI _BUSY, to indicate that the coprocessor is busy.

. ARMuUI _CANT, to indicate that the instruction is not supported.
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12.6.5 stc
Thisfunction is called when an STCinstruction is recognized for a coprocessor. If the
requested coprocessor register doesnot exist or cannot be written to, the function should
return ARMUl _CANT. You should implement this function.
Syntax
unsi gned stc(void *handl e, unsigned type, ARMwrd instr,
ARMnor d * dat a)
where:
handl e is apointer to the ARMulator state.
type isthe type of the coprocessor access. This can be one of:

ARMul _FI RST indicates that thisis the first time the coprocessor
model has been called for thisinstruction.

ARMul _TRANSFER requests transfer.

ARMul _I NTERRUPT warns the coprocessor that the ARM is about to
service an interrupt, so the coprocessor should
discard the current instruction. Usually, the
instruction will be retried later, in which case the
t ype will be reset to ARMUl _FI RST.

ARMUl _DATA indicates that valid dataisincluded in dat a.

instr isthe current opcode.
dat a isapointer to the location of the data being transferred from the
coprocessor to the core.
Return
The function should return one of:
. ARMuUl _I NC, to indicate that there is more data to transfer to the core.
. ARMUI _DONE, to indicate that the coprocessor operation is complete.
. ARMuUI _BUSY, to indicate that the coprocessor is busy.
. ARMuUI _CANT, to indicate that the instruction is not supported.
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12.6.6 mrc

Thisfunction is called when an MRC instruction is recognized for a coprocessor. If the
requested coprocessor register doesnot exist or cannot be written to, the function should
return ARMUl _ CANT. You should implement this function.

Syntax

unsi gned nrc(voi d *handl e, unsigned type, ARMwrd instr,
ARMwor d * dat a)

where:
handl e is a pointer to the ARMulator state.
type isthe type of the coprocessor access. This can be one of :

ARMuUl _FI RST indicates that thisisthe first time the coprocessor
model has been called for thisinstruction.

ARMul _TRANSFER requests transfer.

ARMul _I NTERRUPT warns the coprocessor that the ARM is about to
service an interrupt, so the coprocessor should
discard the current instruction. Usually, the
instruction will be retried later, in which case the
t ype will bereset to ARMul _FI RST.

ARMUl _DATA indicates that valid dataisincluded in dat a.

instr isthe current opcode.

dat a isapointer to the location of the data being transferred from the
coprocessor to the core.

Return

The function should return one of:

. ARMUl _I NC, to indicate that there is more data to transfer.

. ARMuUI _DONE, to indicate that the coprocessor operation is complete.
. ARMuUI _BUSY, to indicate that the coprocessor is busy.

. ARMuUI _CANT, to indicate that the instruction is not supported.
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12.6.7 mcr
Thisfunction is called when an MCRinstruction is recognized for a coprocessor. If the
requested coprocessor register doesnot exist or cannot be written to, the function should
return ARMUl _CANT. You should implement this function.
Syntax
unsi gned ntr(void *handl e, unsigned type, ARMwrd instr,
ARMwor d  dat a)
where:
handl e is apointer to the ARMulator state.
type isthe type of the coprocessor access. This can be one of:

ARMul _FI RST indicates that thisis the first time the coprocessor
model has been called for thisinstruction.

ARMul _TRANSFER requests transfer.

ARMul _I NTERRUPT warns the coprocessor that the ARM is about to
service an interrupt, so the coprocessor should
discard the current instruction. Usually, the
instruction will be retried later, in which case the
t ype will be reset to ARMUl _FI RST.

ARMUl _DATA indicates valid dataisincluded in dat a.

instr isthe current opcode.
dat a is the data being transferred to the coprocessor.
Return
The function should return one of:
. ARMUl _I NG, to indicate that there is more data to transfer.
. ARMUI _DONE, to indicate that the coprocessor operation is complete.
. ARMuUI _BUSY, to indicate that the coprocessor is busy.
. ARMuUI _CANT, to indicate that the instruction is not supported.
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12.6.8 cdp

Thisfunction is called when a CDP instruction is recognized for a coprocessor. If the
requested coprocessor operation is not supported, the function should return

ARMuUI _CANT. You should implement this function.

Syntax

unsi gned cdp(voi d *handl e, unsigned type, ARMwrd jnstr)

where:
handl e is apointer to the ARMulator state.
type isthe type of the coprocessor access. This can be one of :

ARMuUl _FI RST indicates that thisisthe first time the coprocessor
model has been called for this instruction.

ARMUI _I NTERRUPT warns the coprocessor that the ARM is about to
service an interrupt, so the coprocessor should
discard the current instruction. Usually, the
instruction will be retried later, in which case the
t ype will bereset to ARMul _FI RST.

instr isthe current opcode.
Return

The function should return one of:

. ARMuUI _DONE, to indicate that the coprocessor operation is complete.
. ARMuUI _BUSY, to indicate that the coprocessor is busy.

. ARMuUI _CANT, to indicate that the instruction is not supported.
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12.6.9 read

This function enables a debugger to read a coprocessor register through the RDI. The
function reads the coprocessor register numbered r eg and transfersits value to the
location addressed by val ve.

If the requested coprocessor register does not exist, or the register cannot be read, the
function should return ARMuI _CANT. You should implement this function.

Syntax

unsi gned read(void *handl e, unsigned reg, ARMwrd const *val ue)

where:

handl e isapointer to the ARMulator state.

reg is the register number of the coprocessor register to be read.

val ue isapointer to the location of the data to be read from the coprocessor by
RDI.

Return

The function should return one of:

. ARMuUI _DONE, to indicate that the coprocessor operation is complete.
. ARMuUI _CANT, to indicate that the register is not supported.

Usage

This function can be useful for debugging purposes.
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12.6.10 write

This function enables a debugger to write a coprocessor register through the RDI. The
function writes the coprocessor register numbered r eg with the value at the location
addressed by val ue.

If the requested coprocessor does not exist or the register cannot be written, thefunction
should return ARMUI _CANT. You should implement this function.

Syntax

unsi gned wite(void *handl e, unsigned reg, ARMwrd const *val ue)

where:

handl e isapointer to the ARMulator state.

reg is the register number of the coprocessor register that is to be written.

val ue is apointer to the location of the data that isto be written to the
COprocessor.

Return

The function should return one of:
. ARMuUI _DONE, to indicate that the coprocessor operation is complete.
. ARMuUI _CANT, to indicate that the register is not supported.

Usage

This function can be useful for debugging purposes.
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12.7  Operating system or debug monitor interface
The ARMulator supportsrapid prototyping of low level operating system code through
an interface that enables amodel to intercept SWIs and exceptions, and model them on
the host. This model can communicate with the emulated application by reading and
writing the emulated ARM state using the routines described in Accessing ARMulator
state on page 12-42.
Theinterface functions are:
. init on page 12-37
. handle _swi on page 12-38
. exception on page 12-39.
These functions are described in more detail in the following sections.
12.7.1 The ARMul_OSinterface structure
TheARMul _OSI nt er f ace structure is defined as:
typedef struct armul _os_interface ARMUl _OSI nterface;
typedef ARMUl _Error arnul _OSlInit(ARMUl _State *state,
ARMUl _CSInterface *interf,
t ool conf config);
typedef unsigned arnul _OSHandl eSW (voi d *handl e, ARMword numnber) ;
typedef unsigned arnul _OSException(void *handl e, ARMwrd vector,
ARMwor d pc);
struct arnul _os_interface {
voi d *handl e; /* A nmodel private handle */
armul _OSHandl eSW *handle _swi; /* SW handler */
armul _OSExcepti on *excepti on; /* Exception handler */
3
typedef struct {
armul _OSInit *init; /* S initializer */
tag_t nane; /* OS nane */
} ARMul _GSSt ub;
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12.7.2 init

Thisisthe OSinitialization function. It is passed avector of functionstofill in. Aswith
other models, the operating system model is called through an initialization function
exported in a stub. You must implement this function.

The memory system is guaranteed to be operating at thistime, so the operating system
can read and write to the emul ated memory using the routines described in Memory
access functions on page 12-68.

Syntax

typedef ARMUl _Error init(ARMIl _State *state,
ARMUl _CSInterface *interf,
t ool conf config)

where:

state isapointer to the ARMulator state.
interf isapointer to the OS interface structure.
config is the configuration database.

Return

This function returns either:
. ARMul Err _NoErr or, if there is no error.
. An ARMUl _Error value.

Seear ner rs. h ander ror s. h for a full list of error codes. The error should be passed
throughARMul _Rai seError () for formatting (seéRMul_RaiseError on page

12-75).

Usage

This function can also run initialization code.
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12.7.3 handle_swi
Thisisthe OS model SWI handling function. It is called whenever aSW instruction is
executed. Thisenables support code to simulate operating system operations. This code
can model as much of your operating system asyou choose. You should implement this
function.
Syntax
typedef unsigned handl e_swi (void *handl e, ARMwrd nunber)
where:
handl e is apointer to the ARMulator state.
number isthe SWI number.
Return
Thefunction can refuseto handlethe SW by returning FALSE, or the model may choose
not to handle SW instructions by setting NULL asthehandl e_swi function. In either
case, the SWI exception vector istaken by ARMulator. If the function returns TRUE the
ARMulator continues from the next instruction after the SW .
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ARMulator

Thisisthe OS model exception handling function. It is called whenever an exception
occurs. You should implement this function.

Syntax
typedef unsigned exception(void *handl e, ARMwrd vector,
ARMwor d pc)

where:

handl e is apointer to the ARMulator state.

vect or contains the address of the vector about to be executed, for example:
0x00 Reset
0x04 Undefined Instruction
0x1C Fast Interrupt (FIQ).

pc contains the program counter (including the effect of pipelining) at the
time the exception occurred.

Return

If the function returns TRUE, the ARMulator continues from the instruction following
the instruction that was being executed when the exception occurred.

Note

If the exceptionisaninterrupt, or aprefetch or dataabort, the user function should make
the ARMulator retry the instruction, rather than continuing from the following
instruction. The user function can set up the pc by calling ARMul _Set PCto ensurethis,
before returning TRUE.

A return value of FALSE causes the ARMulator to handle the exception normally.

Usage

The CPU state is frozen immediately after the exception has occurred, but before the
CPU has switched processor state or taken the appropriate exception vector.
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12.8 Using the floating-point emulator (FPE)

The ARMulator is supplied with the floating-point emulator (FPE) in object form. The
debug monitor model (angel . ¢) loads and starts executing the FPE on initiaization.

The FPE requiresthefollowing SWIsto be supported by the debug monitor. Angel does
not support these SWIs, however they are implemented by angel . c to support FPE:

. SW _Exi t (0x11)
. SW _Generat eError (0x71)

To load and initialize the FPE, call the following functions:
. ARMul _FPEl nstal | ()

. ARMul _FPEVer si on()

. ARMul _FPEAddr essl nEnul at or () .

These are described in more detail in the following sections.

12.8.1 ARMul_FPElInstall

This function writes the FPE into memory (below 0x8000), and executes it.

Syntax
int ARMUl _FPElInstall (ARMUl _State *state)
where:

state is a pointer to the ARMulator state.

Usage

Note

Because this involves running code, it must be done only after the ARMulator is fully
initialized. Before callingARvul _FPEI nst al | (), Angel completely initializes itself.

Return

The function returns:
. TRUE, if the installation is successful
. FALSE, if the installation fails.
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12.8.2 ARMul_FPEVersion
This function returns the FPE version number. Angel uses this for unwinding aborts
inside the emulator (seethe angel . c source code for details).
Syntax
int ARMUl _FPEVersion(ARMIl _State *state)
where:

state isapointer to the ARMulator state.

Return

The function returns either:
. the FPE version code, if available
. -1 if there is no FPE.

12.8.3 ARMul_FPEAddressinEmulator

This function return§RUE if the specified address lies inside the emulator.

Syntax

i nt ARMul _FPEAddr essl| nEmul at or (ARMUl _State *state, ARMwrd addr)
where:

state is a pointer to the ARMulator state.

addr ess is the address to check.

Return

The function returns:
. FALSE, if there is no FPE, or the address is not in the FPE.
. TRUE, if the address is in the FPE.
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12.9

Accessing ARMulator state

All the models are passed a st at e variable of type ARMul _St at e. Thisis an opaque
handle to the internal state of the ARMulator. The ARMulator exports the following
functions to enable models to access the ARMulator state through this handle:

Functionsto access ARM registers
The following functions provide read and write accessto ARM registers:
. ARMul_GetMode on page 12-44
. ARMul_GetReg on page 12-45
. ARMul_SetReg on page 12-46
. ARMul_GetR15 and ARMul_GetPC on page 12-47
. ARMul_SetR15 and ARMul_SetPC on page 12-48
. ARMul_GetCPSR on page 12-49
. ARMul_SetCPSR on page 12-50
. ARMul_GetSPSR on page 12-50
. ARMul_SetSPSR on page 12-51.

Functions to access coprocessor registers

The following functions call the read and write methods for a
COprocessor:

. ARMul_CPRead on page 12-52
. ARMul_CPWtite on page 12-53.

Changing the model processor configuration

The following function enables you to change the configuration of your
modeled processor:

. ARMul_SetConfig on page 12-54.

Note

It is not appropriate to access some parts of the state from certain parts of a model. For
example, you should not set the contents of an ARM register from a memory access
function, because the memory access function may be called during emulation of an
instruction. In contrast, it is necessary to set the contents of ARM registers from a SWI
handler function.
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A number of the following functionstake an unsi gned mode parameter to specify the
processor mode. The mode numbers are defined inar ndef s. h, and arelisted in Table
12-1.

In addition, the specia value CURRENTMODE is defined. This enables
ARMul _Get Mode() to return the current mode number.

Table 12-1 Defined processor modes

USER2 6 MODE USER32MODE ABORT32MODE
Fl Q26 MODE Fl Q32MODE UNDEF32MODE
I RQ26MODE I RQB2MODE SYSTEMB2MODE
SVC26MODE SCV32MODE

Note

26-bit modeisincluded herefor backward compatibility only, and will not be supported
in future releases.

For more information about 26-bit modes, see the ARM Architectural Reference
Manual, and also refer to Application Note 11 Differences Between ARM6 and Earlier
ARM Processors, and Application Note 37 Startup configuration of ARM Processors
with MMUs.
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12.9.1 ARMul_GetMode
This function returns the current processor mode.
Syntax
ARMwor d ARMUI _Get Mode( ARMUI _State *state)
where:
state isapointer to the ARMulator state.
Returns
This function returns the current mode.
See Table 12-1 on page 12-43 for alist of defined processor modes.
Usage
If thisisto be done frequently, amodel should install aMbdeChange() upcall instead
(see ModeChangeUpcall on page 12-60).
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12.9.2 ARMul_GetReg

This function reads a register for a specified processor mode.

Syntax

ARMword ARMUI _Get Reg( ARMUI _State *state, unsigned npde,
unsi gned reg)

where:

state isapointer to the ARMulator state.

node is the current processor mode. Values for mode are defined in
ar ndef s. h (see Table 12-1 on page 12-43)

reg isthe register number of the register to read.

Return

The function returns the value in the given register for the specified mode.

Usage

— Note

Register r15 should not be accessed with this function. Use ARMul _Get PC() or
ARMuUIl _Get R15() asdescribed in ARMul_GetR15 and ARMul_GetPC on page 12-47.
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12.9.3 ARMul_SetReg
This function writes a register for a specified processor mode.
Syntax
voi d ARMUl _Set Reg( ARMUl _State *state, unsigned node,
unsi gned reg, ARMword val ue)
where:
state is apointer to the ARMulator state.
node is the processor mode. Mode numbers are defined in ar ndef s. h (see
Table 12-1 on page 12-43).
reg isthe register number of the register to write.
val ue isthe valueto be written to register r eg for the specified processor mode.
Usage
Note
Register r15 should not be accessed with this function. Use ARMul _Set PC() , or
ARMuUl _Set R15() asin ARMul_SetR15 and ARMul_SetPC on page 12-48.
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12.9.4 ARMul_GetR15 and ARMul_GetPC

The following functions read register r15.

Syntax

ARMword ARMUI _Get RI5(ARMUl _State *state)
ARMword ARMUI _Get PC(ARMUI _St ate *state)

where:

state isapointer to the ARMulator state.

Return

The functions return the value of register r15. If the processor isin a 32-bit mode the
effect of either variant isthe same.

If the processor isin a 26-bit mode:

. The ARMUI _Get PC variant returns only the pc part of r15. It does not return the
condition code and mode bits from register r15.

. The ARMUI _Get R15 variant returns the whole value of r15, including the
condition code and mode bits.

Usage

Note

26-bit mode is included here for backward compatibility only,witichot be supported
in future releases.

For more information about 26-bit modes, seeAR® Architectural Reference
Manual, and also refer to Application Note Differences Between ARM6 and Earlier
ARM Processors, and Application Note 3®&artup configuration of ARM Processors
with MMUs.
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12.9.5 ARMul_SetR15 and ARMul_SetPC
The following functions write register r15.
Syntax
voi d ARMUl _Set RI5(ARMUl _State *state, ARMwrd val ue)
voi d ARMUl _Set PC(ARMUl _State *state, ARMword val ue)
where:
state isapointer to the ARMulator state.
val ue the new value of r15 (pc) to be written.
Return
The functions write a value into register r15. If the processor isin a 32-bit mode the
effect of either variant is the same.
If the processor isin a 26-bit mode:
. The ARMuUI _Set PC variant sets only the pc part of r15. It leaves the condition

code and mode bits unaltered.
. The ARMuUI _Set R15 variant sets the whole of r15, including the condition code
and mode bits.
Usage
Note

26-bit mode is included here for backward compatibility only,witichot be supported
in future releases.
For more information about 26-bit modes, seeARM Architectural Reference
Manual, and also refer to Application Note Differences Between ARM6 and Earlier
ARM Processors, and Application Note 3®&artup configuration of ARM Processors
with MMUs.
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12.9.6 ARMul_GetCPSR

Thisfunction readsthe CPSR. A valid valueisfaked if the processor isin a26-bit mode,
so this function can still be used.

Syntax

ARMword ARMUI _Get CPSR(ARMUI _State *state)

where:

state isapointer to the ARMulator state.

Return

The function returns the value of the CPSR for the current mode.

Usage

Note

26-bit mode is included for backward compatibility only and will not be supported in
future releases.
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12.9.7 ARMul_SetCPSR
Thisfunction writes avalue to the CPSR for the current processor mode. A valid value
isfaked if the processor isin a 26-bit mode, so this function can still be used.
Syntax
voi d ARMUl _Set CPSR(ARMUI _State *state, ARMwrd val ue)
where:
state isapointer to the ARMulator state.
node is the processor mode. Values for mode are defined in ar ndef s. h (see
Table 12-1 on page 12-43).
val ue isthe value to be written to the CPSR for the current mode.
Usage
Note
26-bit mode isincluded for backward compatibility only and will not be supported in
future releases.
12.9.8 ARMul_GetSPSR
This function reads the SPSR for a specified processor mode.
Syntax
ARMwor d ARMUI _Get SPSR(ARMUI _State *state, ARMwrd node)
where:
state isapointer to the ARMulator state.
node is the processor mode for the SPSR to be read.
Return
The function returns the value of the SPSR for the specified mode.
12-50 Copyright © 1997 and 1998 ARM Limited. All rights reserved. ARM DUI 0041C



ARMulator

12.9.9 ARMul_SetSPSR

This function writes the SPSR for a specified processor mode.

Syntax

voi d ARMUl _Set SPSR(ARMUl _State *state, ARMwrd node,
ARMwor d val ue)

where:

state isapointer to the ARMulator state.

node is the processor mode for the SPSR to be read. Values for mode are
defined in ar ndef s. h (see Table 12-1 on page 12-43).

val ue isthe new value to be written to the SPSR for the specified mode.

12.9.10 ARMul_CPRegBytes
Thisfunction returnsther eg_byt es[] array for the specified coprocessor (see The
ARMul_CPInterface structure on page 12-24 for details).
Syntax

unsi gned int const *ARMul _CPRegBytes(ARMIl _State *state,
unsi gned CPnun)

where:
state isapointer to the ARMulator state.
CPnum is the coprocessor number to return ther eg_byt es[] array for.
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12.9.11 ARMul_CPRead

Thisfunction callsther ead method for acoprocessor. It also interceptscallsto read the
FPE emulated registers. (See Using the floating-point emulator (FPE) on page 12-40.)

Syntax

unsi gned ARMul _CPRead(voi d *handl e, unsigned reg,
ARMwor d * val ue)

where:

handl e is apointer to the ARMulator state.

reg is the number of the coprocessor register to read from.
val ue isthe address to write the register value to.

Return

The function should return:
. ARMuUI _DONE, if the register can be read
. ARMUI _CANT, if the register cannot be read.
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Thisfunction callsthewr i t e method for a coprocessor. It also intercepts callsto write
the FPE emulated registers. (See Using the floating-point emulator (FPE) on page

12-40.)

Syntax

unsi gned ARMUl _CPWite(void *handl e, unsigned reg
ARMwor d const  *val ue)

where:

handl e is a pointer to the ARMulator state.

reg is the number of the coprocessor register to write to.

val ue is the address of the data to write to the coprocessor register.
Return

The function should return:
. ARMuUI _DONE, if the register can be written
. ARMuUI _CANT, if the register cannot be written.
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12.9.13 ARMul_SetConfig

This function changes the config value of the modeled processor. The config value
represents the state of the configuration pinson the ARM core. Refer to Configuration
bits and signals on page 12-62 for details of bit to signal assignments.

Syntax

ARMword ARMUI _Set Confi g(ARMUl _State *state, ARMword changed,
ARMwor d confi g)

where:
state isapointer to the ARMulator state.
changed isabitmask of the config bits to change.

config contains the new values of the bits to change.

Return

The function returns the previous config value.

Usage

Note

If abitisclearedin changed it must not be setin conf i g. For example, to set bit 1 and
clear bit O:

changed 0x03 (00000011 binary)
config 0x02 (00000010 binary)

Conf i gChangeUpcal | () iscalled. See ConfigChangeUpcall on page 12-62 for more
information on this upcall.

Example

ol dConfig = ARMUl _Set Confi g(state, 0x00000001, 0x00000001);

/!l This sets bit 0 to value 1

ol dConfig = ARMuUl _Set Confi g(state, 0x00000002, 0x00000001);

/[l This sets bit 1 to value 0 - note that bit 0 is unaffected.

The following call can be used to obtain the current settings of the configuration pins,
without modifying them:

current Config = ARMUl _Set Config(state, 0, 0);
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12.10 Exceptions

The following functions enable amodel to set or clear interrupts and resets, or branch
toaSWI handler:

. ARMul_SetNirg and ARMul_SetNfig on page 12-55
. ARMul_SetNreset on page 12-56
. ARMul_SWMHandler on page 12-56.

12.10.1 ARMul_SetNirg and ARMul_SetNfiq

The followingfunctions are used to set and clear IRQ and FIQ interrupts.

Syntax

unsi gned ARMUl _Set Ni rq(ARMUl _State *state, unsigned val ue)
unsi gned ARMUl _Set Nfi q(ARMUl _State *state, unsigned val ue)

where:

state is a pointer to the ARMulator state.

val ue is the newNi r g or Nf i g signal value.
Note

The signals are active LOW:
. 0 = interrupt
. 1 = no interrupt.

Return

The functions return the old signal value.
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12.10.2 ARMul_SetNreset

This function sets and clears RESET exceptions.

Syntax

unsi gned ARMul _Set Nreset (ARMUl _State *state, unsigned val ue)

where:

state isapointer to the ARMulator state.

val ue isthe new Nr eset signal value.
Note

The signal is active LOW:
. 0 =reset
. 1 = no reset.

Return

The function returns the old signal value.

12.10.3 ARMul_SWIHandler

This function can be called fromhandl e_swi () function to enter a SWI handler at

a given address. It causes the processor to act as if it had taken the SWI vector, decoded
the SWI number, and then branched to this address.

Syntax

voi d ARMUl _SW Handl er (ARMUl _State *state, ARMwrd address)

where:

state is a pointer to the ARMulator state.

addr ess is the address of the instruction to return to.

Usage

See the code for handli8Y _Gener at eErr or in angel . c. for an example of how
to use this function.
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12.11 Upcalls

The ARMulator can be made to call back your model when some state values change.
You do this by installing the relevant upcall. In the context of the ARMulator, the term
upcall is synonymous with callback.

You must provide implementations of the upcallsif you want to use them in your own
models. See the implementations in the ARM supplied models for examples.

You can use upcallsto avoid having to check state values on every access. For example,
amemory model is expected to present the ARM core with datain the correct
endianness for the value of the ARM processor bigend signal. A memory model can
attach tothe Conf i gChangeUpcal | () upcall to beinformed when thissignal changes.

Every upcall is called when the ARMulator resets and after ARMulator initializationis
complete, regardless of whether the signals have changed, with the exception of
UnkRDI | nf oUpcal | ().

The upcalls are defined in ar ndef s. h. The following upcalls are described in the
sections below:

. ExitUpcall on page 12-59

. ModeChangeUpcall on page 12-60
. TransChangeUpcall on page 12-61
. ConfigChangeUpcall on page 12-62
. InterruptUpcall on page 12-64

. ExceptionUpcall on page 12-65

. UnkRDIInfoUpcall on page 12-66.

Refer tolnstalling and removing upcalls on page 12-58 for information on how to
install and remove the upcalls.
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12.11.1

Installing and removing upcalls

Each upcall has its own installation and removal functions. These functions follow a
standard format, as described below.

Installing an upcall
Each upcall in installed using a function of the form:

void *ARMUI _I nstal | <Upcal | Nanme>( ARMuUl _St ate *state,
t ypenane *fn,
voi d *handl e)

where:

<Upcal | Name>

is the name of the upcall. For example, the Exi t Upcal | () isinstalled
with ARMIl _I nst al | Exi t Handl er . The upcalls are:

. Exi t Upcal | ()

. ModeChangeUpcal | ()

. TransChangeUpcal | ()
. Confi gChangeUpcal | ()
. I nterrupt Upcal |l ()

. Excepti onUpcal | ()

. UnkRDI | nf oUpcal | ().

state is a pointer to the ARMulator state.

typename s the type of the function, as definedtlypedef in the upcall prototype.

fn is a pointer to the function to be installed.

handl e is the handle to be passed to the corresponding Remove upcall function.
The function returns a void * handle to the upcall handler. This should be kept because
it is required by the corresponding Remove upcall function.

Removing an upcall

Each upcall is removed using a function of the form:

int *ARMul _Renove<Upcal | Name>( ARMUl St ate *state, void *node)

where:
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<Upcal | Narme>

is the name of the upcall to be removed. For example, the
Exi t Upcal | () isremovedwith ARMUl _RenoveExi t Handl er . Seethe
description of the Install upcall function for alist of upcall names.

state isthe state pointer.
node is the handle returned from the corresponding Install upcall function.

The remove upcall functions return:
. TRUE if the upcall is removed
. FALSE if the upcall remove failed.

12.11.2 ExitUpcall
The exit upcall is called when the ARMulator exits. It should be used to release any
memory used.
Syntax
typedef void arnmul _ExitUpcall (void *handl e)
where:

handl e is a pointer to the ARMulator state.

Usage

Note

The ANSIf ree() functionis avalidxi t Upcal | () . If no exit upcall is registered and
a model uses some memory, that memory will be lost.

Install the upcall using:

voi d *ARMUl _I nstal | Exi t Handl er (ARMUI _State *state,
armul _ExitUpcall *fn,
voi d *handl e)

Remove the upcall using:
int ARMul _RenoveExit Handl er (ARMUl _State *state, void *node)

Refer tolnstalling and removing upcalls on page 12-58 for more information.
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12.11.3 ModeChangeUpcall

The mode change upcall is called whenever the ARMulator changes mode. The upcall
is passed both the o/ d and newmodes.

Syntax
typedef void arnul _MbodeChangeUpcal | (void *handl e, ARMwrd ol d,
ARMnor d new)

where:

handl e is apointer to the ARMulator state.

ol d isthe old processor mode. Values for mode are defined in ar mdef s. h
(see Table 12-1 on page 12-43).

new is the new processor mode. Values for mode are defined in ar ndef s. h
(see Table 12-1 on page 12-43).

Usage

Install the mode change upcall using:

voi d *ARMIl _I nst al | ModeChangeHandl er (ARMul _State *state,
ar nul _ModeChangeUpcal | *fn,
voi d * handl e)

Remove the mode change upcall using:

i nt ARMuUl _RenoveMbdeChangeHandl er (ARMul _St at e * st at e,
voi d *node)

Refer to Installing and removing upcalls on page 12-58 for more information.
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12.11.4 TransChangeUpcall
Thisupcall is called when the nTRANS signal on the ARM core changes.

ThenTRANS signal isthe Not Memory Translate signal. When LOW, it indicates that
the processor isin user mode, or that the processor is executing an LDRT/STRT
instruction from a non-user mode. It can be used to tell memory management models
when trandation of the addresses should be turned on, or as an indicator of non-user
mode activity (for example, to provide different levels of access in non-user modes).

Refer to the ARM Architectural Reference Manual for details of the LDRT/STRT
instructions.
Syntax

typedef void arnul _TransChangeUpcal | (voi d *handl e, unsi gned ol d,
unsi gned new)

where:

handl e isapointer to the ARMulator state.
ol d isthe old NTRANS signal value.
new isthe new NnTRANS signal value.
Usage

Install the upcall using:

voi d *ARMul _I nstal | TransChangeHandl er (ARMUl _St ate *state,
armul _TransChangeUpcal | *fn,
voi d * handl e)

Remove the upcall using:

i nt ARMul _RenoveTransChangeHandl er (ARMul _State *state,
voi d *node)

Refer to Installing and removing upcalls on page 12-58 for more information.
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12.11.5 ConfigChangeUpcall

Thisupcall ismade when the ARMulator model configuration ischanged (for example,
from big-endian to little-endian). You can call ARMul _Set Confi g() to changethe
configuration yourself (see ARMul_SetConfig on page 12-54).

Configuration is specified as a bitfield of config bits. The config bits represent signals
to the configuration pins on the ARM core. Table 12-2 lists the bits that correspond to
each signal.

Refer to the ARM Architectural Reference Manual for more information on
configuration signals.

If you have a CP15 then the control register bits corresponding to the signals listed in
Table 12-2 will be set in the same way.

Table 12-2 Configuration bits and signals

Signal Bit Notes

ARMul_Prog32 bit4  Alwayshighon ARM7TDMI, ARMOTDMI
ARMul_Data32 bit 5 Always high on ARM7TDMI, ARM9TDMI
ARMul_LateAbt bit 6 Not on ARM7, ARM9, or StrongARM
ARMul_BigEnd bit 7

ARMul_BranchPredict bit11 ARMS8only

Syntax

typedef void arnul _Confi gChangeUpcal | (void *handl e, ARMwrd ol d,
ARMnor d new)

where:

handl e isapointer to the ARMulator state.

ol d isabitfield representing the old configuration.

new isabitfield representing the new configuration.
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Usage
Install the upcall using:

voi d *ARMul _I nst al | Confi gChangeHandl er (ARMUl _State *stat e,
armul _Confi gChangeUpcal | *fn,
voi d * handl e)

Remove the upcall using:

i nt ARMuUl _RenoveConfi gChangeHandl er (ARMul _State *state,
voi d *node)

Refer to Installing and removing upcalls on page 12-58 for more information.
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12.11.6

InterruptUpcall

Thisupcall is called whenever the ARM core notices an interrupt (not when it takes an
interrupt) or reset. It is called even if interrupts are disabled.

Syntax

typedef unsigned int arnul _InterruptUpcall (void *handl e,
unsi gned int which)

where:
handl e is apointer to the ARMulator state.

whi ch isabitfield that encodes which interrupt(s) have been noticed:
bit 0 Fastinterrupt (FIQ).
bit 1  Interrupt request (IRQ).
bit 2 Reset.

Usage

Thisupcall can be used by a memory model to reset its state or implement a wake-up,
for example. It iscalled at the start of the instruction or cycle (depending on the core
being emulated) when the interrupt is noticed.

The interrupt responsible can be removed using ARMul _Set Ni rg() or
ARMUI _Set Nfi g(), in which case the ARM will not notice the interrupt. See
ARMul_SetNirg and ARMul_SetNfig on page 12-55 for more information.

Note

You canuse ARMUI _Set Ni rgq() and ARMul _Set Nfi q() to clear theinterrupt signal,
but they will not necessarily clear the interrupt source itself.

Install the interrupt upcall using:

void *ARMUl _InstalllnterruptHandl er (ARMUl _State *state,
armul _I nterruptUpcall *fn, void *handl e)

Remove the interrupt upcall using:
i nt ARMuUl _Renovel nt errupt Handl er (ARMUl _State *state, void *node)

Refer to Installing and removing upcalls on page 12-58 for more information.
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12.11.7 ExceptionUpcall

Thisupcall is called whenever the ARM processor takes an exception.

Syntax

typedef unsigned int arnul _ExceptionUpcal | (void *handl e,
ARMwor d vect or,
ARMwor d pc,
ARMnord i nstr)

where:

handl e isapointer to the ARMulator state.

vect or is the address of the appropriate hardware vector to be taken for the
exception.

pc isthe value of pc at the time the exception occurs.

instr isthe instruction that caused the exception.

Usage

Asan example, this can be used by an operating system model to intercept and emulate
SWis. If aninstalled upcall returns non-zero, the ARM does not take the exception (the
exception is essentially ignored).

Note

In this release of the ARMulator, this occurs in addition to the calling of the installed
operating systemmodel’shand| e_swi () function. Futurereleasesmay not support the
operating system interface, and you should use thisupcall in preference. The model can
be installed as a basic model (see Basic model interface on page 12-7). The sample
models, such asangel . ¢ and val i dat e. c, shipped with this release of the
ARMulator can be built either as a Basic model or as an Operating System model.

— Note
If the processor isin Thumb state, the equivalent ARM instruction will be supplied.

Install the exception upcall using:

voi d *ARMUl _I nstal | Excepti onHandl er (ARMul _St ate * st at e,
armul _ExceptionUpcal | *fn,
voi d * handl e)
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Remove the exception upcall using:
int ARMUl _RenoveExcepti onHandl er (ARMUl _State *state, void *node)

Refer to Installing and removing upcalls on page 12-58 for more information.

12.11.8 UnkRDlInfoUpcall

UnkRDI | nf oUpcal | () functions are called if the ARMulator cannot handle an

RDI | nf o request itself. They return an RDI Er r or value. The UnkRDI | nf oUpcal | ()
function can be used by a model extending the ARMulator’s RDI interface with the
debugger. For example, the profiler module (in pr of i | er. c) providesthe

RDI Profi | e Infocalls.

Syntax
typedef int armul _UnkRDI | nfoUpcal | (void *handl e, unsigned type

ARMword *argl,
ARMnord *arg2)

where:
handl e is apointer to the ARMulator state.
type isthe RDI _| nf o subcode. These are definedinrdi _i nf 0. h. Seethe

usage section below for some examples.

argll/ arg2 arearguments passed to the upcall from the calling function.

Usage

The ARMulator stops calling UnkRDI | nf oUpcal | () functions when one returns a
value other than RDI Er r or _Uni npl enent edMessage.

The following codes are examples of the RDI _I nf o subcodes that can be specified as
type:

RDI | nf o_Tar get
This enables models to declare how to extend the functionality of the
target. For example, profi | er. c intercepts this call to set the
RDI Tar get _CanProfi | e flag.

RDI | nf o_Poi nt s
wat chpnt . ¢ intercepts RDI | nf o_Poi nt s to tell the debugger that the
ARMulator supports watchpoints. Thisis similar to the use of
RDI | nfo_Target inprofiler.c.
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RDI | nf o_Set Log
Thisis passed around so that models can switch logging information on
and off. For example, t r acer . ¢ usesthis call to switch tracing on and
off from bit 4 of ther di _I og value.

RDI Request Cycl esDesc
This enables models to extend the list of counters provided by the
debugger in $st ati sti cs. Models call ARMul _AddCount er Desc()
(see ARMulator specific functions on page 12-75) to declare each counter
inturn. It is essentia that the model also trap the RDI Cycl es RDI info
call.

RDI Cycl es Modelsthat have declared a statistics counter by trapping
RDI Request Cycl esDesc (above) must also respond to RDI Cycl es by
caling ARMul _AddCount er Val ue() (see ARMulator specificfunctions
on page 12-75) for each counter in turn, in the same order as they were
declared.

The above RDI Info calls have already been dealt with by the ARMulator, and are
passed for information only, or so that models can add information to the reply. Models
should always respond with RDI Er r or _Uni npl enent edMessage, o that the
message is passed on even if the model has responded.

Install the upcalls using:

voi d *ARMul _I nstal | UnkRDI | nf oHandl er (ARMul _St ate *state,
armul _UnkRDI I nf oUpcal | *proc, void *handl e)

Remove the upcalls using:

i nt ARMuUl _RenoveUnkRDI | nf oHandl er (ARMUl _St at e * st at e,
voi d *node)

Refer to Installing and removing upcalls on page 12-58 for more information.

Example

Theangel . ¢ model supplied with the ARMulator usesthe UnkRDI | nf oUpcal | () to
interact with the debugger:

RDI Error P returnserrorsraised by the program running under the ARMul ator
to the debugger.

RDI Set _Cmdl i ne finds the command line set for the program by the debugger.

RDI Vect or _Cat ch intercepts the hardware vectors.
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12.12 Memory access functions

Thememory model can be probed by another model using a set of functionsfor reading
and writing memory. These functions access memory without inserting cycles on the
bus. If your model needsto insert cycles on the bus, it should install itself asamemory
model, possibly between the core and the real memory model.

12.12.1 Reading from a given address
The following functions return the word, halfword, or byte at the specified address.
Each function accesses the memory without inserting cycles on the bus.

Syntax

ARMword ARMUI _ReadWor d( ARMUI _State *state, ARMwrd address)
ARMwor d ARMUI _ReadHal f Wor d( ARMUI _State *state, ARMwrd address)
ARMword ARMUI _ReadByte( ARMUI _State *state, ARMwrd address)

where:

state isapointer to the ARMulator state.

address is the address in emulated memory from which the word, halfword, or
byteisto beread.

Return

The functions return the word, halfword, or byte, as appropriate.
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12.12.2 Writing to a specified address

The following functions write the specified word, halfword, or byte at the specified
address. Each function accesses memory without inserting cycles on the bus.

Syntax

void ARMUI _WiteWrd(ARMIl _State *state, ARMword address,
ARMwor d  dat a)

void ARMUl _WiteHal fWord(ARMUl _State *state, ARMwrd address,
ARMwor d dat a)

void ARMUI _WiteByte(ARMIl _State *state, ARMword address,
ARMwor d  dat a)

where:
state isapointer to the ARMulator state.
address isthe address in emulated memory to write to.

dat a isthe word, halfword, or byte to write.

Note
Itisnot possibleto tell if these calls resulted in a data abort.
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12.13 Event scheduling functions

The event scheduling functions enable you to schedule a call to a function based on:
. the number of instructions executends{ruction events)
. the number of memory system cyclegd(e events).

This section describes the event scheduling functions:

Instruction events The following functions enable you to schedule instruction
events:

. armul_Hourglass on page 12-71
. ARMul_HourglassSetRate on page 12-72.

Cycle events The following functions enable you to schedule cycle events:
. ARMul_ScheduleEvent on page 12-73
. ARMul_ScheduleCoreEvent on page 12-74.

For details on ARMulator events sEeents on page 12-87.
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12.13.1 armul_Hourglass

Thear mul _Hour gl ass() function provides a mechanism for calling a function at
every instruction, or at every n instructions for avalue of n that is set by the
ARMUl _Hour gl assSet Rat e() function.

Syntax

typedef void arnul _Hourgl ass(voi d *handl e, ARMwrd pc,
ARMnord i nstr)

where:

handl e is a pointer to the ARMulator state.
pc is the program counter.

instr is the instruction about to be executed.
Usage

Install the function in the same way as upcalls:

voi d *ARMuUl _I nstal |l Hour gl ass(ARMul _State *state,
armul _Hour gl ass *fn,
voi d * handl e)

Remove function with:
int ARMUl _RenoveHour gl ass(ARMul _State *state, void *node)

The remove function returns:
. TRUE, if the hourglass function is removed successfully
. FALSE, if the hourglass function is not removed successfully.

You can use thAaRMul _Hour gl assSet Rat e() function to change the default rate at
whichar mul _Hour gl ass() is called. See below for details.
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12.13.2 ARMul_HourglassSetRate
This function setsthe rate at which thear nul _Hour G ass() functioniscalled. By
default, the ar nul _Hour @ ass() function is called every instruction.
Syntax

unsi gned | ong ARMul _Hour gl assSet Rat e( ARMul _State *stat e,
voi d * node,
unsi gned | ong rate)

where:

state isapointer to the ARMulator state.

rate defines the rate at which the function should be called. For example, a
value of 1 callsthe function every instruction. A value of 100 callsit
every 100 instructions.

node isthe handle returned from ARMuUI _I nst al | Hour gl ass() whenthe
upcall wasinstalled.

Return

The function returns the old hourglass rate.
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12.13.3 ARMul_ScheduleEvent

Thisfunction schedul es events using memory system cycles. It enables afunction to be
called at a specified number of cyclesin the future.

Syntax

voi d ARMUl _Schedul eEvent (ARMIl _State *state,
unsi gned | ong del ay,
armul _Event Proc *func,
voi d * handl e)

where:
state isapointer to the ARMulator state.
func isapointer to the event function to call of type:
typedef unsigned armul _Event Proc(void *handl e)
del ay specifiesthe number of cyclesto delay beforethe event functioniscalled.
handl e isthevoid * handle to call the event function with.
—— Note
Thefunction can be called only on thefirst instruction boundary following the specified
cycle.
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12.13.4 ARMul_ScheduleCoreEvent

ARMrul _Schedul eCor eEvent () function schedules events using the absolute core
cycle count at which the event will occur. It enablesafunction to be called at a specified
point in the future.

Syntax

voi d ARMUl _Schedul eEvent Core( ARMUl _State *state,
armul _Event Proc *func,
voi d *handl e,
unsi gned | ong coreCycl eCount)

where:
state isapointer to the ARMulator state.
func isapointer to the event function to call, of type:
typedef unsigned arnul _Event Proc(void *handl e)
handl e isthe void *handleto call the event function with.

coreCycl eCount the absolute core cycle count at which the event function isto be
called.

Note
This function is supported only by ARM9-based models.
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12.14 ARMulator specific functions

The following are genera purpose ARMulator functions. They include functions to
access processor properties, add counter descriptions and values, stop the ARMulator
and execute code:

. ARMul_RaiseError on page 12-75

. ARMul_Time on page 12-77

. ARMul_Properties on page 12-77

. ARMul_CondCheckinstr on page 12-78
. ARMul_AddCounterDesc on page 12-79
. ARMul_AddCounterValue on page 12-80
. ARMul_HaltEmulation on page 12-81

. ARMul_EndCondition on page 12-81

. ARMul_DoProg on page 12-82

. ARMul_Dolnstr on page 12-82.

12.14.1 ARMul_RaiseError

Errors of typeARMUl _Er r or are returned from a number of initialization and
installation functions. These errors should be passed thawRMh _Rai seError ().
This is a printf-like function that formats the error message associated with an
ARMUl _Error error code.

Syntax
ARMUl _Error ARMul _Rai seError (ARMUl _State *state,
ARMUl _Error errcode, ...)
where:
state is a pointer to the ARMulator state.

errcode is the error code for the error message to be formatted.

are printf-style format specifiers of variadic type.

Return

The function returns the error code it was passed, after formatting the error message.
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Example

This function is a printf-style variadic function, and the textual form can be a
printf-style format string. For example:

interf->handl e = (nodel _state *)nall oc(si zeof (npdel _state));
if (interf->handl e == NULL)
return ARMUl _Rai seError(state, ARMUl Err_Qut Of Menory);

For example, the ARMuUI Er r _MenTypeUnhandl ed error message, used by memory
models to reject an unrecognized interface type, is declared:

ERROR( ARMUl Er r _MemTypeUnhandl ed,
"Menory nodel "%’ inconpatible with bus interface.")

and called:

return ARMUl _Rai seError(state,
ARMUIl Err _MenTypeUnhandl ed,
Model Nane) ;

In this case, the debugger displays an error message such as:

Mermory nodel 'Flat’ inconpatible with bus interface.

Extending the error file

Thefileerrors. h can be extended by adding more errors. However, new errors can
only be added at the end of thefile.

Entries are of the form:
ERROR( ARMUIl Err _Qut O Menory, "Qut of nenory.")
This declares an error message, ARMuUl Er r _Qut OF Menor y, with the textual form:

"Qut of nenory"
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12.14.2 ARMul_Time

This function returns the number of memory cycles executed since system reset.

Syntax
unsi gned | ong ARMUI _Ti me( ARMUl _State *state)
where:

state isapointer to the ARMulator state.

Return

The function returns the total number of cycles executed since system reset.

12.14.3 ARMul_Properties
Thisfunction returns the properties word associated with the processor being emulated.

Thisisabitfield of properties, defined in ar ndef s. h.

Syntax
ARMword ARMUl _Properties(ARMUl _State *state)
where:

state isapointer to the ARMulator state.

Return

The function returns the propertiesword. Thisis a bitfield of properties, defined in
ar ndef s. h.
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12.14.4 ARMul_CondChecklinstr
Given an instruction, the ARMul _CondCheckl nstr () function returns TRUE if it
would execute given the current state of the PSR flags.
Syntax

unsi gned ARMul _CondCheckl nstr(ARMUl _State *state, ARMword jnstr)

where:

state isapointer to the ARMulator state.
instr isthe instruction opcode to check.
Return

The function returns:
. TRUE if the instruction would execute
. FALSE if the instruction would not execute.
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12.14.5 ARMul_AddCounterDesc

The ARMul _AddCount er Desc() function adds new countersto $st ati sti cs.

Syntax

int ARMUl _AddCount er Desc( ARMUl _State *state,
ARMword *argl,
ARMword *arg2,
const char *nane)

where:

state isapointer to the ARMulator state.

argll arg2 arethearguments passed to the UnkRDI | nf oUpcal | () .

name isastring that names the statistic counter. The string must be less than 32
characterslong.

Return

The function returns one of:
. RDI Err or _Buf f er Ful |
. RDI Er r or _Uni npl enent edMessage.

Usage

When the ARMulator receives &l Request Cycl eDesc() call from the Debugger,

it uses theunkRDI | nf oUpcal | () (seeUpcallson page 12-57) to ask each module in
turn if it wishes to provide any statistics counters. Each module responds by calling
ARMuUl _AddCount er Desc() with the arguments passed to the

UnkRDI | nf oUpcal | ().

All statistics counters must be either a 32-bit or 64-bit word, and be monotonically
increasing. That is, the statistic value must go up over time. This is a requirement
because of the way the Debugger calculfgest i stics_i nc.

See the implementation & nf | at . ¢ for an example.
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12.14.6 ARMul_AddCounterValue

This function is called when the debugger requests the current statistics values.

Syntax

i nt ARMul _AddCount er Val ue( ARMul _State *state,
ARMword *argl,
ARMwor d *ar g2,
bool i s64,
const ARMword *counter)

where:
state isapointer to the ARMulator state. .
argll arg2 arethe arguments passed to the UnkRDI | nf oUpcal | ().

i s64 denotes whether the counter is a pair of 32-bit words making a 64-bit
counter (least significant wordfirst), or asingle 32-bit value. Thisenables
modulesto provide afull 64-bit counter.

count er is the current value of the counter.

Return

The function must always return RDI Er r or _Uni npl enent edMessage.

Usage

When the ARMulator receives an RDI Cycl es() call from the debugger, it uses the
UnkRDI | nf oUpcal | () toask each modulein turnto provide the counter values. Each
module responds by calling ARMul _AddCount er Val ue().

Note

Itisessential that amodule that calls ARMul _AddCount er Desc() when

RDI Request Cycl eDesc() iscalled also calls ARMul _AddCount er Val ue() when
RDI Cycl es() iscaled. It must also call both functions the same number of times and
in the same order.

12-80

Copyright © 1997 and 1998 ARM Limited. All rights reserved. ARM DUI 0041C



ARMulator

12.14.7 ARMul_HaltEmulation
This function stops emulator execution at the end of the current instruction, giving a
reason code.
Syntax

voi d ARMUl _Hal t Enul ati on( ARMUl _State *state,
unsi gned end_condition)

where:
state isapointer to the ARMulator state.

end _condi tion
isone of the RDI Er r or error valuesdefinedinrdi _err. h. Not all of

these errors are valid. The debugger interprets end_condi t i on and
issues a suitable message.
12.14.8 ARMul_EndCondition

This function returnsthe end_condi t i on passed to ARMul _Hal t Enul at i on() .

Syntax
unsi gned ARMul _EndCondi ti on(ARMUl _State *state)
where:

state isapointer to the ARMulator state.

Return

The end condition passed to ARMul _Hal t Enul ati on().
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12.14.9 ARMul_DoProg
This function starts running the emulator at the current pc value. It is called from the
ARMulator RDI interface.
Syntax
ARMwor d ARMUI _DoPr og( ARMUl _State *state)
where:

state isapointer to the ARMulator state.

Return

The function returns the value of pc on halting emulation.

12.14.10 ARMul_Dolnstr
This function executes asingle instruction. It is called from the ARMulator RDI
interface.
Syntax
ARMword ARMUI _Dol nstr(ARMUl _State *state)
where:

state isapointer to the ARMulator state.

Return

The function returns the value of pc on halting emulation.
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12.15 Accessing the debugger

This section describes the input, output, and RDI functions that you can use to access
the debugger. There are two groups of debugger functions:

I nput/output functions

Several functions are provided to display messagesin the host debugger.
Under armsd these functions print messages to the console. Under
ADW/ADU they display messages to the relevant window:

. ARMul_DebugPrint on page 12-83 displays a message on the RDI
console window

. ARMul_ConsolePrint on page 12-84 displays a message on the
debugger console window

. ARMul_PrettyPrint on page 12-84 displays a formatted message.

. ARMul_DebugPause on page 12-85 waits for user input before
continuing the message display.

RDI functions
These are:

. ARMul_RDILog on page 12-85
. ARMul_HostIf on page 12-86.

12.15.1 ARMul_DebugPrint
This function displays a message in the RDI logging window under ADW/ADU, or to
the console under armsd.
Syntax

voi d ARMUl _DebugPrint (ARMUl _State *state, const char *format,
ca)

where:
state is a pointer to the ARMulator state.
f or mat is a printf-style formatted output string.

are a variable number of parameters associatedf withat .
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12.15.2 ARMul_ConsolePrint
This function prints the text specified in the format string to the ARMulator console.
Under ADW/ADU, the text appears in the consol e window.
Syntax

voi d ARMUl _Consol ePrint (ARMIl _State *state, const char *fornat,
-)

where:
state isapointer to the ARMulator state.
for mat is a printf-style formatted output string.

are avariable number of parameters associated with f or mat .

Note
Use ARMUl _PrettyPrint () todisplay startup messages.

12.15.3 ARMul_PrettyPrint

This function prints a string in the same way as ARMul _Consol ePrint (), butin
addition performsline break checks so that word wrap is avoided. It should be used for
displaying startup messages.

Syntax

void ARMUl _PrettyPrint( ARMUl _State *state, const char *fornmat,
ca)

where:
state isapointer to the ARMulator state.
f or mat is a printf-style formatted output string.

are avariable number of parameters associated with f or nat .
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12.15.4 ARMul_DebugPause

This function waits for the user to press any key.

Syntax
voi d ARMUl _DebugPause( ARMUl _State *state)
where:

state isapointer to the ARMulator state.

12.15.5 ARMul_RDILog

This function returns the value of the RDI logging level.

Syntax
ARMword ARMUI _RDI Log( ARMUl _St ate * st at e)
where:

state isapointer to the ARMulator state.
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12.15.6 ARMul_HostlIf

This function returns a pointer to aRDI _Host osl nt er f ace structure, defined in

rdi _hi f. h. Thestructureincludes pointersto RDI functionsthat enable adebug target
to send and received textual information to and from a host.

Syntax

const RDI _Hostoslnterface *ARMuUl _Host | f (ARMUl _State *state)

where:

state isapointer to the ARMulator state.

Return

The function returns a pointer to the RDI _Host osl nt er f ace structure. Refer to
rdi _hi f. hfortheRDI _Host osl nt er f ace structure definition.

Usage

An operating system model can make use of this to:

. efficiently access the console window (under ADW/ADU) or the console (under
armsd) without going throughRwvul _Consol ePri nt ()

. receive user input.
The following input/output functions are includedRbl _Host osl nt er f ace:

void witec(RDI _H f_HostosArg *arg, int c)
Writes a single character to the console window under ADW/ADU, or to
the console under armsd. This is usedRyul _Consol ePrint (), and
by the emulation o6YS_ Wit eCinangel . c.

int readc(RDI _Hi f_HostosArg *arg, char const *buffer, int [en)
Reads a single character of input from the host debugger.

int wite(RDI_Hif_HostosArg *arg, char const *buffer, int [en)

Writes a stream of data to the console window under ADW/ADU, or to
the console under armsd.

char *gets(RDI _Hi f_HostosArg *arg, char *buffer, int [en)
Reads a string from the host debugger.

12-86
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12.16 Events

The ARMulator has a mechanism for broadcasting and handling events. These events
consist of an event number and a pair of words. The number identifies the event. The
semantics of the words depends on the event.

The core ARMulator generates some example events, defined in ar ndef s. h. They are

divided into three groups:

. events from ARM processor core in Table 12-3

. events from MMU and cache (not on StrongARM-110) in Table 12-4 on page
12-88

. events from prefetch unit (ARM8-based processors only) in Table 12-5 on page
12-88.

These events can be logged in the trace file if tracing is enabled, and trace events is
turned on. Additional modules can provide new event types that will be handled in the
same way.

You can catch events by installing an event upcallseal_EventUpcall on page
12-89). You can raise an event by callad®Mul _Rai seEvent () (see
ARMul_RaiseEvent on page 12-90).

Refer to Chapter 12RMulator in theARM Software Development Toolkit User Guide
for more information and examples.

Table 12-3 Events from ARM processor core

Event name Word1  Word 2 Event number
Cor eEvent _Reset - - Ox1
Cor eEvent _Undefinedl nstr  pcvaue instruction 0x2
Cor eEvent _SW pcvalue  SWI number 0x3
Cor eEvent _Pr ef et chAbort pcvaue - 0x4
Cor eEvent _Dat aAbort pcvalue  aborting address 0x5
Cor eEvent _Addr Except n pcvalue  aborting address 0x6
Cor eEvent | RQ pcvaue - 0x7
Cor eEvent _FI Q pcvaue - 0x8
Cor eEvent _Br eakpoi nt pcvalue  RDI_PointHandle 0x9
Cor eEvent _Wat chpoi nt pcvalue  Watch address Oxa

ARM DUI 0041C Copyright © 1997 and 1998 ARM Limited. All rights reserved. 12-87



ARMulator

Table 12-3 Events from ARM processor core (Continued)

Event name Word1  Word 2 Event number
Cor eEvent _| RQSpott ed pcvalue - ox17
Cor eEvent _FI QSpott ed pcvalue - 0x18
Cor eEvent _MbdeChange pcvalue  new mode 0x19
Cor eEvent _Dependency pcvalue interlock register 0x20
bitmask

Table 12-4 Events from MMU and cache (not on StrongARM-110)

Event name Word 1 Word 2 Event number
MMUEvent DLi neFet ch miss address victim address 0x10001
MMUEvent _I Li neFet ch miss address victim address 0x10002
MMUEvent _WVBSt al | physica address  number of words ~ 0x10003
of write in write buffer
MMUEvent _DTLBWaAl k miss address victim address 0x10004
MMUEvent | TLBWAI k miss address victim address 0x10005
MMUEvent Li neVB miss address victim address 0x10006

MMUEvent _DCacheStal |  addresscausing address fetching 0x10007
stall

MMUEvent _| CacheStal |l  addresscausing address fetching 0x10008
stall

Table 12-5 Events from prefetch unit (ARM810 only)

Event name Word 1 Word 2 Event number
PUEvent _Ful | next pc value - 0x20001
PUEvent _M spr edi ct address of branch - 0x20002
PUEvent _Enpty next pc value - 0x20003
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12.16.1 armul_EventUpcall

Thisupcall catches ARMulator events.

Syntax

typedef void arnul _Event Upcal | (void *handl e, unsigned int event,
ARMword addr1, ARMword addr2)

where:

handl e is a pointer to the ARMulator state.

event is one of the event numbers defined in Table 12-3, Table 12-3, and Table
12-3 on page 12-87.

addr 1 isthefirst word of the event (see the Tables above).

addr2 is the second word of the event (see the Tables above).

Usage

Install the upcall using:

voi d *ARMUl _I nstal | Event Upcal | (ARMul _St ate *state,
armul _Event Upcal | *fn,
voi d * handl e)

Remove the upcall using:

int ARMul _RenpoveEvent Upcal | (ARMUl _State *state, void *node)
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12.16.2 ARMul_RaiseEvent

This function invokes events. The events are passed to the user-supplied event upcalls.

Syntax

voi d ARMUl _Rai seEvent (ARMul _State *state, unsigned int event,
ARMword wordl, ARMaword word2)

where:

handl e is apointer to the ARMulator state.

event isone of the event numbers defined in Table 12-3, Table 12-3, and Table
12-3 on page 12-87.

addr 1 isthefirst word of the event (see the Tables above).

addr2 is the second word of the event (see the Tables above).
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Chapter 13
ARM Image Format

This chapter describes the ARM Image Format (AlF). It contains the following
sections:

. Overview of the ARM Image Format on page 13-2
. AlIF variants on page 13-3
. The layout of AIF on page 13-4.
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13.1 Overview of the ARM Image Format

ARM Image Format (AlIF) isasimple format for ARM executable images, consisting
of:

. a 128-byte header
. the image code
. the image initialized static data.

An AIF image is capable of self-relocation if it is created with the appropriate linker
options. The image can be loaded anywhere and it will execute where it is loaded. After
an AIF image has been relocated, it can create its own zero-initialized area. Finally, the
image is entered at the unique entry point.
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There are three variants of AlF:

Executable Al F

Executable AIF can be loaded at its|oad address and entered at the same
point (at thefirst word of the AIF header). It preparesitself for execution
by relocating itself if required and setting to zero its own zero-initialized
data.

The header is part of theimageitself. Code in the header ensuresthat the
imageis properly prepared for execution before being entered at itsentry
address.

The fourth word of an executable AlF header is:
BL entrypoi nt
The most significant byte of thisword (in the target byte order) is Oxeb.

The base address of an executable AIF image is the address at which its
header should be loaded. Its code starts at base + 0x80.

Non-executable AIF

Non-executable AIF must be processed by an image loader that 1oads the
image at its load address and prepares it for execution as detailed in the
AIF header. The header is then discarded. The header is not part of the
image, it only describes the image.

The fourth word of a non-executable AIF image is the offset of its entry
point from its base address. The most significant nibble of thisword (in
the target byte order) is OxO.

The base address of anon-executable AlIF image is the address at which
its code should be loaded.

Extended AIF

Extended AlF is a special type of non-executable AlF. It contains a
scatter-loaded image. It has an AIF header that points to a chain of load
region descriptors within the file. The image loader should place each
region at the location in memory specified by the load region descriptor.
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13.3 The layout of AlIF
This section describes the layout of AlF images.
13.3.1 AlF image layout

An AlF image has the following layout:

. Header

. Read-only area

. Read-write area

. Debugging data (optional)

. Self-relocation code (position-independent)

. Relocation list. This is a list of byte offsets from the beginning of the AIF header,
of words to be relocated, followed by a word containingThe relocation of
non-word values is not supported.

Note

An AlF image is restartable if, and only if, the program it contains is restartable (an AlF

image isnot reentrant). Following self-relocation, the second word of the header must

be reset tovOP. This causes no additional problems with the read-only nature of the
code section.

On systems with memory protection, the self-relocation code must be bracketed by

system calls to change the access status of the read-only section (first to writable, then

back to read-only).
13.3.2 Debugging data

After the execution of the self-relocation code, or if the image is not self-relocating, the

image has the following layout:

. Header

. Read-only area

. Read-write area

. Debugging data (optional).

AIF images support being debugged by an ARM debugger. Low-level and source-level

support are orthogonal. An AlF image can have both, either, or neither kind of

debugging support.

References from debugging tables to code and data are in the form of relocatable

addresses. After loading an image at its load address these values are effectively

absolute.
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References between debugger table entriesarein the form of offsets from the beginning
of the debugging data area. Following relocation of awholeimage, the debugging data
areaitself is position-independent and may be copied or moved by the debugger.

13.3.3 AIF header

Table 13-1 shows the layout of the AIF header.

Table 13-1 AIF header layout

00:

NOP2

04:

BL SelfRelocCode

NOPif theimage is not self-relocating

08:

BL Zerolnit

NOP if the image has none.

0C:

BL ImageEntryPoint or
EntryPoint Offset

BL to make the header addressable viarl14 ...but the
application will not return... Non-executable AIF uses an
offset, not BL.

BL is used to make the header addressable viarl4in a
position-independent manner, and to ensure that the
header will be position-independent.

10:

Program Exit Instruction

... last attempt in case of return. The Program Exit
Instruction is usually 8W causing program

termination. On systems that do not implement a SWI for
this purpose, a branch-to-self is recommended.
Applications are expected to exit directly amad to

return to the AIF header, so this instruction should never
be executed. The ARM linker sets this field to SWI 0x11
by default, but it may be set to any desired value by
providing a template for the AIF header in an area called
Al F_HDR in thefirst object file in the input list to

armlink.

14.

Image ReadOnly size

Image ReadOnly Size includes the size of the AIF header
only if the AIF type is executable (that is, if the header
itself is part of the image).

18:

Image ReadWrite size

Exact size (a multiple of 4 bytes).

1C:

Image Debug size

Exact size (a multiple of 4 bytes). Includes high-level
and low-level debug size. Bits 0-3 hold the type. Bits
4-31 hold the low level debug size.

20:

Image zero-init size

Exact size (a multiple of 4 bytes).
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Table 13-1 AIF header layout (Continued)

24:

Image debug type

Valid values for Image debug type are:

0 No debugging data present.

1 Low-level debugging data present.

2 Source level debugging data present.
3 1 and 2 are present together.

All other values of image debug type are reserved.

28:

Image base

Address where the image (code) was linked.

2C:

Work space

Obsolete.

30:

Address mode: 26/32 +
3 flag bytes

The word at offset 0x30is 0, or containsin its least
significant byte (using the byte order appropriate to the
target):

26 Indicates that the image was linked for a
26-bit ARM mode, and may not execute
correctly in a 32-bit mode. Thisis
obsolete.

32 Indicates that the image was linked for a
32-bit ARM mode, and may not execute
correctly in a 26-bit mode.

A value of 0 indicates an old-style 26-bit AIF header.

If the Address mode word has bit 8 set, the image was

linked with separate code and data bases (usually the

datais placed immediately after the code). The word at
offset Ox34 contains the base address of the image’s data.

34:

Data base

Address where the image data was linked.

38:

Two reserved words
(initialy 0)

In Extended AIF images, theword at 0x38 is non-zero. It

contains the byte offset within the file of the header for

the first non-root load region. This header has a size of

44 pytes, and the following format:

word 0 file offset of header of next region (Ois
none)

word 1 load address

word 2 sizein bytes (amultiple of 4)

char[32] the region name padded out with zeros.

The initializing data for the region follows the header.

40:

NOP

44:

Zero-init code 15 words

as below

Header is 32 words long.

a.

In all cases, NOP is encoded as MOV r 0, r 0O
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Chapter 14
ARM Object Library Format

Thischapter describesthe ARM Object Library Format (ALF). It containsthefollowing
sections:

. Overview of ARM Object Library Format on page 14-2
. Endianness and alignment on page 14-3

. Library file format on page 14-4

. Time stamps on page 14-7

. Object code libraries on page 14-8.
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14.1  Overview of ARM Object Library Format

Thissection definesafileformat called ARM Object Library Format (ALF), that isused
by the ARM linker and the ARM object librarian.

A library file contains a number of separate but related pieces of data. In order to
simplify accessto these data, and to provide for adegree of extensibility, thelibrary file
format isitself layered on another format called Chunk File Format. This provides a
simple and efficient means of accessing and updating distinct chunks of datawithin a
singlefile. Refer to Chunk file format on page 15-4 for a description of the Chunk File
Format.

The Library format defines four chunk classes:
. Directory

. Time stamp

. Version

. Data.

There may be manata chunks in a library.

The Object Library Format defines two additional chunks:
. Symbol table
. Symbol table time stamp.
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14.2  Endianness and alignment

14.2.1  Alignment

For datain afile, address means offset from the start of the file.

There is no guarantee that the endianness of an ALF file will be the same as the
endianness of the system used to processit (the endianness of thefileisawaysthe same
as the endianness of the target ARM system).

The two sorts of ALF cannot meaningfully be mixed (the target system cannot have
mixed endianness, it must have one or the other). The ARM linker accepts inputs of
either sex and produces an output of the same sex, but rejects inputs of mixed
endianness.

Strings and bytes may be aligned on any byte boundary.

ALF fields defined in this document do not use halfwords, and align words on 4-byte
boundaries.

Within the contents of an ALF file (within the data contained in OBJ_AREA chunks, see
below), the alignment of words and halfwords is defined by the use to which ALF is
being put. For all current ARM-based systems, alignment is strict.
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14.3  Library file format

For library files, the first part of each chunk nameisLI B_. For object libraries, the
names of the additional two chunks begin with OFL_.

Each piece of alibrary fileis stored in a separate, identifiable chunk. Table 14-1 shows
the chunk names.

Table 14-1 Library File Chunks

Chunk Chunk name
Directory LIB_DIRY

Time stamp LIB_TIME

Version LIB_VRSN

Data LIB_DATA

Symboal table OFL_SYMT object code
Time stamp OFL_TIME object code

There may be many LI B_DATA chunksin alibrary, one for each library member. In all
chunks, word values are stored with the same byte order as the target system. Strings
are stored in ascending address order, which is independent of target byte order.

14.3.1  Earlier versions of ARM object library format

These notes ensure maximum robustness with respect to earlier, now obsol ete, versions
of the ARM abject library format:

. Applications which create libraries or library members should ensure that the
LI B_DI RY entries they create contain valid time stamps.

. Applications which reatll B_DI RY entries should not rely on any data beyond
the end of the name string being present, unless the difference between the
Datalength field and the name-string length allows for it. Even then, the contents
of a time stamp should be treated cautiously.

. Applications which write_| B_DI RY or OFL_SYMT entries should ensure that
padding is done with NULL (0) bytes. Applications that rea8_DI RY or
OFL_SYM entries should make no assumptions about the values of padding bytes
beyond the first, string-terminating NULL byte.
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TheLl B_DI RY chunk contains adirectory of the modulesin the library, each of which
isstoredinalLl B_DATA chunk. The directory sizeisfixed when thelibrary is created.
Thedirectory consists of asequence of variable length entries, each an integral number
of words long. The number of directory entries is determined by the size of the

LI B_DI RY chunk. Table 14-2 shows the layout.

Table 14-2 The LIB_DIRY chunk

ChunklIndex
EntryLength Thesize of thisLI B_DI RY chunk (an integral number of words).
Datal_ength The size of the Data (an integral number of words).
Data
where:
Chunkl ndex isaword containing the zero-origin index within the chunk file

EntryLength

Dat aLengt h

Dat a

header of the corresponding LI B_DATA chunk. Conventionally,
the first three chunks of an OFL fileare LI B_DI RY, LI B_TI ME
and LI B_VRSN, so Chunkl ndex isat least 3. A Chunkl ndex of O
means the directory entry is unused.

The corresponding LI B_DATA chunk entry gives the offset and
size of the library module in the library file.

isaword containing the number of bytesinthisLI B_DI RY entry,
always amultiple of 4.

isaword containing the number of bytes used in the data section
of thisLI B_DI RY entry, also amultiple of 4.

consists of, in order:

. a zero-terminated string (the name of the library member).

Strings should contain only 1ISO-8859 non-control

characters (codes [0-31], 127 and 128+[0-31] are excluded).

The string field is the name used to identify this library

module. Typically it is the name of the file from which the

library member was created.

. any other information relevant to the library module (often

empty).
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. a two-word, word-aligned time stamp. The format of the
time stamp is described Tme stamps on page 14-7. Its
value is an encoded version of the last-modified time of the
file from which the library member was created.

14.3.3 LIB_VRSN

The version chunk contains a single word whose value is 1.

14.3.4 LIB_DATA

A LI B_DATA chunk contains one of the library members indexed byItBeDl RY
chunk. The endianness or byte order of this data is, by assumption, the same as the byte
order of the containing library/chunk file.

No other interpretation is placed on the contents of a member by the library
management tools. A member could itself be a file in chunk file format or even another
library.
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14.4  Time stamps

1441 LIB_TIME

A library time stamp is a pair of words that encode:
. a six byte count of centiseconds since 00:00:00 1st January 1900
. a two byte count of microseconds since the last centisecond.

First (most significant) word
Contains the most significant 4 bytes of the 6 byte centisecond count.

Second (least significant) word

Contains the least significant two bytes of the six byte centisecond count
in the most significant half of the word and the two byte count of
microseconds since the last centisecond in the least significant half of the
word. This is usually 0.

Time stamp words are stored in target system byte order. They must have the same
endianness as the containing chunk file.

TheLl B_TI ME chunk contains a two-word (eight-byte) time stamp recording when the
library was last modified.
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14.5 Object code libraries

An object codelibrary isalibrary file whose members arefilesin ARM Object Format.
An object code library contains two additional chunks:

. an external symbol table chunk nan@d._SYMr
. a time stamp chunk namegL_TI ME.

1451 OFL_SYMT

The external symbol table contains an entry for each external symbol defined by
members of the library, together with the index of the chunk containing the member
defining that symbol.

TheOFL_SYMT chunk has exactly the same format ad.th& DI RY chunk except that
the Data section of each entry contains only a string, the name of an external symbol,
and between one and four bytes of NULL padding, as follows:

Table 14-3 OFL_SYMT chunk layout

Chunklndex
EntryLength The size of this OFL_SYMT chunk (an integral number of words).
Datal ength The size of the External Symbol Name and Padding (an integral

number of words).

External Symbol Name

Padding

OFL_SYMT entries do not contain time stamps.

1452 OFL_TIME

TheCOFL_TI ME chunk records when tlgEL_SYMT chunk was last modified and has the
same format as tha B_TI ME chunk (sedime stamps on page 14-7).
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Chapter 15
ARM Object Format

This chapter describes the ARM Object Format. It contains the following sections:
. ARM Object Format on page 15-2

. Overall structure of an AOF file on page 15-4

. The AOF header chunk (OBJ_HEAD) on page 15-7

. The AREAS chunk (OBJ_AREA) on page 15-13

. Relocation directives on page 15-14

. Symbol Table Chunk Format (OBJ_SYMT) on page 15-17

. The Sring Table Chunk (OBJ_STRT) on page 15-21

. The Identification Chunk (OBJ_IDFN) on page 15-22.
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15.1 ARM Object Format
This section describes the ARM Object Format (AOF).
The following terms apply throughout this section:
object file referstoafilein ARM Object Format.
address for datain afile, this means offset from the start of thefile.
15.1.1 Areas
An object file written in AOF consists of any number of named, attributed areas.
Attributes include:
. read-only
. reentrant
. code
. data
. position-independent.
For details se@ttributes and alignment on page 15-9.
Typically, a compiled AOF file contains a read-only code area, and a read-write data
area (a zero-initialized data area is also common, and reentrant code uses a separate
based area for address constants).
15.1.2 Relocation directives
Associated with each area is a (possibly empty) list of relocation directives which
describe locations that the linker will have to update when:
. a non-zero base address is assigned to the area
. a symbolic reference is resolved.
Each relocation directive may be given relative to the (not yet assigned) base address of
an area in the same AOF file, or relative to a symbol in the symbol table. Each symbol
may:
. have a definition within its containing object file which is local to the object file
. have a definition within the object file which is visible globally (to all object files
in the link step)
. be a reference to a symbol defined in some other object file.
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15.1.3 Byte sex or endianness

15.1.4 Alignment

An AOF file can be produced in either little-endian or big-endian format.

There is no guarantee that the endianness of an AOF file will be the same asthe
endianness of the system used to processit (the endianness of thefileisawaysthe same
as the endianness of the target ARM system).

Strings and bytes may be aligned on any byte boundary. AOF fields defined in this
document make no use of halfwords and align words on 4-byte boundaries.

Within the contents of an AOF file, the alignment of words and halfwordsis defined by
the use to which AOF is being put. For all current ARM-based systems, words are
aligned on 4-byte boundaries and halfwords on 2-byte boundaries.

ARM DUI 0041C
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15.2 Overall structure of an AOF file

An AOFfilecontainsanumber of separate pieces of data. To simplify accesstothedata,
and to give adegree of extensibility to tools which process AOF, the object file format
isitself layered on another format called Chunk File Format, which provides asimple
and efficient means of accessing and updating distinct chunks of datawithin asingle
file.

15.2.1 Chunk file format

A file written in chunk file format consists of a header, and one or more chunks. The
header isaways positioned at the beginning of thefile. A chunk is accessed through the
header. The header containsthe number, size, location, and identity of each chunk inthe
file.

The size of the header may vary between different chunk files, but it is fixed for each
file. Not al entries in a header need be used, thus limited expansion of the number of
chunksis permitted without a wholesale copy. A chunk file can be copied without
knowledge of the contents of its chunks.

Chunk file header

The chunk file header consists of two parts:
. the first part is a fixed length part of three words
. the second part contains a four word entry for each chunk in the file.

The first part of the header contains the following three word sized fields:

ChunkFileld Marks the file as a chunk file. Its value is OXC3CBC6CS5. The
endianness of the chunk file can be determined from this value (if
it appears to be 0OxC5C6CBC3 when read as a word, each word
value must be byte-reversed before use).

max_chunks Defines the number of the entries in the header, fixed when the file
is created.
num chunks Defines how many chunks are currently used in the file, which can

vary from O tarax_chunks. Itis redundant in that it can be found
by scanning the entries.

The second part of the header contains a four word entry for each chunk in the file. The
number of entries is given by them chunks field in the first part of the header.
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chunkl d Is an 8-byte field identifying what data the chunk contains. Note
that thisis an 8-byte field, not a 2-word field, so it has the same
byte order independent of endianness.

file_offset Is aone-word field defining the byte offset within the file of the
start of the chunk. All chunks are word-aligned, so it must be
divisible by four. A value of zero indicates that the chunk entry is
unused.

si ze Is a one-word field defining the exact byte size of the chunk’s
contents (which need not be a multiple of four).

Identifying data types

The chunkl d field provides a conventional way of identifying what type of dataa
chunk contains. It has eight characters, and is split into two parts:

. the first four characters contain a unique name allocated by a central authority

. the remaining four characters can be used to identify component chunks within
this domain.

The eight characters are stored in ascending address order, as if they formed part of :
NULL-terminated string, independent of endianness.

For AOF files, the first part of each chunk nameB3_. The second components are
defined in the following section.
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15.2.2 ARM object format

Each piece of an object fileis stored in aseparate, identifiable chunk. AOF definesfive
chunks as shown in Table 15-1.

Table 15-1 AOF chunks

Chunk Chunk name
AOF Header OBJ_HEAD
Areas OBJ_AREA
Identification OBJ_I| DFN

Symbol Table OBJ_SYMI

String Table OBJ_STRT

Only the AOF Header and AREAS chunks must be present, but atypical object file
contains al five of the above chunks.

Each name in an object file is encoded as an offset into the string table, stored in the
OBJ_STRT chunk The String Table Chunk (OBJ_STRT) on page 15-21. Thisallowsthe
variable-length nature of names to be factored out from primary data formats.

A feature of ARM Object Format isthat chunks may appear in any order in thefile (for
example, the ARM C compiler and the ARM assembler produce their AOF chunksin
different orders).

A language translator or other utility may add additional chunksto an object file, for
example, alanguage-specific symbol table or language-specific debugging data.
Thereforeit is conventional to allow spacein the chunk header for additional chunks.
Space for eight chunks is conventional when the AOF fileis produced by alanguage
processor which generates all five chunks described here.

Note
The AOF header chunk should not be confused with the chunk file header.
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15.3 The AOF header chunk (OBJ_HEAD)
The AOF header consists of two contiguous parts:

. the first part is a fixed size part of six words that describes the contents and natur
of the object file.

. the second part has a variable length (specified in the first part of the header), an
consists of a sequencearéa headers describing the areas within thBJ_AREA
chunk.

Part one contains the following word sized fields:

Obj ect File Type
The value 0xC5E2D080 marks the file as beingeincatable object
format (the usual output of compilers and assemblers and the usual input
to the linker). The endianness of the object code can be deduced from this
value and must be identical to the endianness of the containing chunk file.

Version |d

Encodes the AOF version number. The current version number is 310
(0x136).

Nunber of Areas

The code and data of an object file are encapsulated in a number of
separate areas in thBJ_AREA chunk, each with a name and some
attributes (sedttributes and alignment on page 15-9).

Each area is described in the variable-length part of the AOF header
which immediately follows the fixed paNunber _of _Ar eas gives the
number of areas in the file and, equivalently, the numbaREA
declarations that follow the fixed part of the AOF header.

Nurber of Synbol s

If the object file contains a symbol table chunk (na®@&t SYM),
Nunber of Synbol s records the number of symbols in the symbol
table.

One of the areas in an object file may be designated as containing the star
address of any program which is linked to include the file. If this is the
case, the entry address is specified a@any Area | ndex, Entry

O fset pailr.

Entry Area | ndex
Entry Area |ndex, intherange 1 tbunber of Areas, gives the
1-origin index in the following array of area headers of the area
containing the entry point.
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A valueof Ofor Entry Area | ndex signifiesthat no program entry
addressis defined by this AOF file.

Entry O fset

The entry addressis defined to be the base address of the entry area plus
Entry O fset.

Part two of the AOF header consists of a sequence of area headers. Each area header is
five words long, and contains the following word length fields:

Area Name Givesthe offset of that namein the string table (stored in the OBJ_STRT
chunk. Each areawithin an object file must be given a unique name. See
The String Table Chunk (OBJ_STRT) on page 15-21.

Attributes and Al ignnent

Thisword contains bit flags that specify the attributes and alignment of
the area. The details are given in Alignment on page 15-3.

Area Size Givesthesize of theareain bytes. Thisvalue must be amultiple of 4.
UnlesstheNot I nitialised bit (bit12)issetintheareaattributes
(see Attributes and alignment on page 15-9), there must be this number
of bytesfor this areain the OBJ_AREA chunk. If theNot I nitialised
bit is set, there must be noinitializing bytesfor thisareain the OBJ_ AREA
chunk.

Nunber of Rel ocations
Specifies the number of relocation directives that apply to this area
(which is equivalent to the number of rel ocation records following the
contents of the areain the OBJ_ AREA chunk. See The AREAS chunk
(OBJ_AREA) on page 15-13).

Base Address
Is unused unless the area has the absol ute attribute. In this case, thefield
records the base address of the area. In general, giving an area a base
address prior to linking will cause problems for the linker and may
prevent linking altogether, unless only a single object fileisinvolved.

An unused Base Address is denoted by the value 0.

15-8
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Each area has a set of attributes encoded in the most significant 24 bits of the
Attributes + Alignnent word. Theleast significant eight bits of thisword encode
the alignment of the start of the area as a power of 2 and must have a value between 2

and 32 (thisval ue denotes that the areashould start at an addressdivisible by 22/i9nmenty
Table 15-2 gives asummary of the attributes.

Table 15-2 Area attributes summary

Bit Mask Attribute Description
8 0x00000100 Absolute attribute
9 0x00000200 Code attribute
10 0x00000400 Common block definition
11 0x00000800 Common block reference
12 0x00001000 Uninitialized (zero-initialized)
13 0x00002000 Read-only
14 0x00004000 Position independent
15 0x00008000 Debugging tables
Code areas only
16 0x00010000 Complies with the 32-bit APCS
17 0x00020000 reentrant code
18 0x00040000 Uses extended FP instruction set
19 0x00080000 No software stack checking
20 0x00100000 All relocations are of Thumb code
21 0x00200000 Areamay contain ARM halfword instructions
22 0x00400000 Areasuitable for ARM/Thumb interworking

Some combinations of attributes are meaningless, for example, read-only and
zero-initialized.

Thelinker orders areas in a generated image in the following order:

by attributes
by the (case-significant) lexicographic order of area names
by position of the containing object module in the link list.
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The positioninthelink list of an object moduleloaded from alibrary isnot predictable.
The precise significance to the linker of area attributes depends on the output being
generated.

Bit 8 Encodes the absolute attribute and denotes that the area must be placed
at its Base Address. This bit is not usually set by language processors.

Bit 9 Encodes the code attribute:
1 Indicates code in the area.
0 Indicates datain the area.

Bit 10 Specifiesthat the areais a common definition.

Common areas with the same name are overlaid on each other by the
linker. The Ar ea Si ze field of acommon definition areadefinesthe size
of acommon block. All other references to this common block must
specify asize which is smaller than or equal to the definition size.

If, inalink step, there is more than one definition of an areawith the
common definition attribute (area of the given name with bit 10 set), each
of these areas must have exactly the same contents. If thereisno
definition of acommon area, its size will be the size of the largest
common reference to it.

Although common areas conventionally hold data, you can use bit 10 in
conjunction with bit 9 to define acommon block containing code. Thisis
useful for defining a code area which must be generated in several
compilation units, but which should be included in the final image only
once.

Bit 11 Defines the area to be a reference to a common block, and precludes the
area having initializing data (see Bit 12). In effect, bit 11 implies bit 12.
If both bits 10 and 11 are set, bit 11 isignored.

Bit 12 Encodes the zero-initialized attribute, specifying that the area has no
initializing datain this object file, and that the area contents are missing
from the OBJ_ AREA chunk.

Typically, thisattributeis given to large municipalized data areas. When
amunicipalized areaisincluded in an image, the linker either includes a
read-write area of binary zeros of appropriate size, or maps aread-write
area of appropriate size that will be zeroed at image startup time. This

attribute isincompatible with the read-only attribute (see Bit 13, below).

Whether or not a zero-initialized areaisre-zeroed if theimageis
re-entered isaproperty of the relevant image format and/or the system on
which it will be executed. The definition of AOF neither requires nor
precludes re-zeroing.
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Bit 14

Bit 15
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A combination of bit 10 (common definition) and bit 12 (zero-initialized)
has exactly the same meaning as bit 11 (reference to common).

Encodes the read only attribute and denotes that the areawill not be
modified following relocation by the linker. The linker groups read-only
areas together so that they may be write-protected at runtime, hardware
permitting. Code areas and debugging tables must have this bit set. The
setting of this bit isincompatible with the setting of bit 12.

Encodes the position independent (P1) attribute, usually only of
significance for code areas. Any referenceto amemory addressfrom aPl
areamust be in the form of alink-time-fixed offset from a base register
(for example, a pc-relative branch offset).

Encodes the debugging tabl e attribute and denotes that the area contains
symbolic debugging tables. Thelinker groupsthese areastogether so they
can be accessed as a single continuous chunk at or before runtime
(usually, a debugger extracts its debugging tables from the imagefile
prior to starting the debuggee). Usually, debugging tables are read-only
and, therefore, have bit 13 set also. In debugging table areas, bit 9 (the
code attribute) isignored.

Bits 16-22 encode additional attributes of code areas and must be non-zero only if the
area has the code attribute (bit 9) set. Bits 20-22 can be non-zero for data aress.

Bit 16

Bit 17

Bit 18

Bit 19

Bit 20
Bit 21

Encodes the 32-bit PC attribute, and denotes that code in this area
complies with a 32-bit variant of the APCS.

Encodes the reentrant attribute, and denotes that code in this area
complies with a reentrant variant of the APCS.

When set, denotes that code in this area uses the ARM floating-point
instruction set. Specifically, function entry and exit use the LFMand SFM
floating-point save and restore instructions rather than multiple LDFES
and STFEs. Codewith thisattribute may not execute on older ARM-based
systems.

Encodes the No Software Stack Check attribute, denoting that codein this
area complies with avariant of the APCS without software stack-limit
checking.

Indicates that this areais a Thumb code area.

Indicates that thisareamay contain ARM halfword instructions. This bit
is set by armcc when compiling code for a processor with halfword
instructions such asthe ARM7TDMI.

ARM DUI 0041C
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Bit 22 Indicatesthat this areahas been compiled to be suitable for ARM/Thumb
interworking. See the ARM Software Development Toolkit User Guide.

Bits23to 31 Arereserved and are set to 0.
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154 The AREAS chunk (OBJ_AREA)

The AREAs chunk containsthe actual area contents, such as code, data, debugging data,
together with their associated relocation data. An areais simply a sequence of bytes.
The endianness of the words and halfwords within it must agree with that of the
containing AOF file. An arealayout is:

Area 1

Area 1 Rel ocation

Area n

Area n Rel ocation

An areaisfollowed by its associated table of relocation directives (if any). Anareais
either completely initialized by the values from the file or isinitialized to zero, as

specified by bit 12 of its area attributes. Both area contents and table of relocation
directives are aligned to 4-byte boundaries.

ARM DUI 0041C
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15.5 Relocation directives

A relocation directive describes avalue which is computed at link time or 1oad time, but
which cannot be fixed when the object module is created.

In the absence of applicabl e rel ocation directives, the val ue of abyte, halfword, word or
instruction from the preceding areais exactly the value that will appear in the final
image.

A field may be subject to more than one relocation.

Figure 15-1 shows arelocation directive.

offset

1 |11| BlA | R |FT|24—bit SID

Figure 15-1 Relocation directive

O f set isthe byte offset in the preceding area of the subject field to be relocated by a
value calculated as described below.

Theinterpretation of the 24-bit SI Dfield depends on the value of the A bit (bit 27):

A=1 The subject field isrelocated (as further described bel ow) by the value of
the symbol of which SI Disthe zero-origin index in the symbol table
chunk.

A=0 The subject field isrelocated (as further described bel ow) by the base of

the area of which SI Disthe zero-origin index in the array of areas, (or,
equivalently, in the array of area headers).

The two-bit field type FT (bits 25, 24) describes the subject field:

00 the field to be relocated is a byte.

01 the field to be relocated is a halfword (two bytes).

10 the field to be relocated is aword (four bytes).

1 the field to be relocated is an instruction or instruction sequence.

If bit O of the relocation offset is set, this identifies a Thumb instruction
sequence, otherwise it istaken to be an ARM instruction sequence.

Bytes, halfwords and instructions may only be relocated by values of small size.
Overflow is faulted by the linker.

15-14
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An ARM branch or branch-with-link instruction is always a suitable subject for a
relocation directive of field type instruction. For details of other rel ocatable instruction
sequences, refer to 3.6 Handling Relocation Directives on page 3-16.

If the subject field is an instruction sequence, the addressin Of f set points to the first
instruction of the sequence, and the 1 | field (bits 29 and 30) constrains how many
instructions may be modified by this directive:

00 no constraint (the linker may modify as many contiguous instructions as
it needsto).

01 the linker will modify at most 1 instruction.

10 the linker will modify at most 2 instructions.

1 the linker will modify at most 3 instructions.

The R (pc-relative) bit, modified by the B (based) bit, determines how the relocation
value is used to modify the subject field:

R (bit 26) =0and B (bit 28) =0
This specifies plain additive relocation. The relocation value is added to
the subject field. In pseudo code:

subject _field = subject_field + rel ocation_val ue

R (bit 26) =1 and B (bit 28) =0
This specifies pc-relative relocation. To the subject field is added the
difference between the rel ocation value and the base of the area
containing the subject field. In pseudo code:
subject _field =
subject _field +
(relocation_val ue-base_of _area_contai ni ng(subj ect_fie
1d))
Asaspecia case, if Ais0, andtherel ocation valueis specified asthe base
of the area containing the subject field, it is not added and:
subject _field =
subj ect _field - base_of _area_contai ni ng(subj ect_fi el d)
This caters for relocatable pc-relative branches to fixed target addresses.

If Ris1, Bisusually 0. A B vaue of 1 isused to denote that the
inter-link-unit value of abranch destination is to be used, rather than the
more usual intra-link-unit value.
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R (bit 26) = 0 and B (bit 28) = 1

This specifies based arearelocation. The relocation value must be an
address within a based data area. The subject field isincremented by the
difference between this value and the base address of the consolidated
based areagroup (thelinker consolidates all areas based on the same base
register into asingle, contiguous region of the output image).

In pseudo code:

subject _field =

subject _field +

(rel ocation_val ue -

base_of _area_group_cont ai ni ng(rel ocation_val ue))

For example, when generating reentrant code, the C compiler places
address constants in an address constant area based on register sb, and
loads them using sb-relative LDR instructions. At link time, separate
address constant areas will be merged and sb will no longer point where
presumed at compile time. B type relocation of the LDR instructions
corrects for this.

Bits 29 and 30 of the relocation flags word must be 0. Bit 31 must be 1.

15-16
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15.6  Symbol Table Chunk Format (OBJ_SYMT)

TheNunber of Synbol s fieldinthefixed part of the AOF header (0BJ_HEAD chunk)
defines how many entriesthere arein the symbol table. Each symbol table entry isfour
words long and contains the following word length fields:

Nane Isthe offset in the string table (in chunk OBJ_STRT) of the character
string name of the symbol.

Attributes

Aresummarized in Table 15-2. Refer to Symbal attributes on page 15-18
for afull description of the attributes.

Val ue Is meaningful only if the symbol is a defining occurrence (bit O of
At tribut es set), or acommon symbol (bit 6 of At t ri but es set):

. if the symbol isabsolute (bits 0-2 ofAt t ri but es set), this field
contains the value of the symbol

. if the symbol is a common symbol (bit 64ft ri but es set), this
contains the byte length of the referenced common area.

. otherwiseyal ue is interpreted as an offset from the base address
of the area named by ea Nanme, which must be an area defined
in this object file.

Area Name Is meaningful only if the symbol is a non-absolute defining occurrence
(bit 0 of At t ri but es set, bit 2 unset). In this case it gives the index into
the string table for the name of the area in which the symbol is defined
(which must be an area in this object file).
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15.6.1 Symbol attributes

Table 15-3 summarizes the symbol attributes.

Table 15-3 Symbol attributes

Bit Mask Attribute description
0 0x00000001 Symbol is defined in thisfile
1 0x00000002 Symbol has agloba scope
2 0x00000004 Absolute attribute
3 0x00000008 Case-insensitive attribute
4 0x00000010 Weak attribute
6 0x00000040 Common attribute

Code symbols only:
8 0x00000100 Code area datum attribute
9 0x00000200 FP argsin FP regs attribute
12 0x00001000 Thumb symbol

The Symbol At t ri but es word isinterpreted as follows:

Bit 0
Bit 1

Denotes that the symbol is defined in this object file.

Denotes that the symbol has global scope and can be matched by the
linker to a similarly named symbol from another object file.

01

10

n

00

Bit 1 unset, bit 0 set. Denotesthat the symbol isdefined in this
object file and has scope limited to this object file (when
resolving symbol references, the linker will only match this
symbol to references from within the same aobject file).

Bit 1 set, bit 0 unset. Denotes that the symbol isareferenceto
asymbol defined in another object file. If no defining instance
of the symbol isfound, the linker attempts to match the name
of the symbol to the names of common blocks. If amatchis
found, it isasif an identically-named symbol of global scope
were defined, taking its value from the base address of the
common area.

Denotes that the symbol is defined in this object file with
global scope (when attempting to resolve unresolved
references, the linker will match this definition to areference
from another object file).

Isreserved.
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Bit 2

Bit 3

Bit 4

Bit 5
Bit 6

Bit 7
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Encodes the absol ute attribute which is meaningful only if the symbol is
adefining occurrence (bit O set). If set, it denotes that the symbol has an
absolute value, for example, a constant. If unset, the symbol valueis
relative to the base address of the area defined by the Area Namefield of
the symbol.

Encodesthe caseinsensitive reference attribute which is meaningful only
if the symbol isan external reference (bits1, 0= 10). If set, thelinker will
ignore the case of the symbol namesit tries to match when attempting to
resolve this reference.

Encodes the weak attribute which is meaningful only if the symbol isan
externa reference (bits 1, 0 = 10). It denotesthat it is acceptable for the
reference to remain unsatisfied and for any fields relocated viait to
remain unrelocated. The linker ignores weak references when deciding
which membersto load from an object library.

Isreserved and must be set to O.

Encodes the common attribute, which is meaningful only if the symbol
isan externa reference (bits 1, 0 = 10). If set, the symbol is areference
to acommon area with the symbol’s name. The length of the common
areais given by the symbol’s Value field (see above). The linker treats
common symbols much asit treats areas having the Common Reference
attribute. All symbols with the same name are assigned the same base
address, and the length allocated is the maximum of all specified lengths.

If the name of a common symbol matches the name of a common area,
these are merged and the symbol identifies the base of the area.

All common symboals for which there is no matching common area
(reference or definition) are collected into an anonymous, linker-created,
pseudo-area.

Isreserved and must be set to O.

Bits 8-11 encode additional attributes of symbols defined in code areas.

Bit 8

Bit 9

Encodes the code datum attribute which is meaningful only if this
symbol defines alocation within an area having the Code attribute. It
denotes that the symbol identifies a (usually read-only) datum, rather
than an executable instruction.

Encodes the floating-point arguments in floating-point registers
attribute. Thisismeaningful only if the symbol identifiesafunction entry
point. A symbolic reference with this attribute cannot be matched by the
linker to a symbol definition which lacks the attribute.
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Bit 10 Is reserved and must be set to O.
Bit 11 Is reserved and must be set to 0.
Bit 12 The Thumb attribute. Thisis set if the symbol isa Thumb symboal.

15-20 Copyright © 1997 and 1998 ARM Limited. All rights reserved. ARM DUI 0041C



ARM Object Format

15.7 The String Table Chunk (OBJ_STRT)

The string table chunk contains all the print names referred to from the header and
symbol table chunks. This separation is made to factor out the variable length
characteristic of print names from the key data structures.

A print nameis stored in the string table as a sequence of non-control characters (codes
32-126 and 160-255) terminated by aNULL (0) byte, andisidentified by an offset from
the start of the table. Thefirst four bytes of the string table contain itslength (including
the length of its length word), so no valid offset into the table is less than four, and no
table has length less than four.

The endianness of the length word must be identical to the endianness of the AOF and
chunk files containing it.
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15.8 The Identification Chunk (OBJ_IDFN)

This chunk should contain a string of printable characters (codes 10-13 and 32-126)
terminated by aNULL (0) byte, which givesinformation about the name and version of
the tool which generated the object file.

Use of codesin the range 128-255 is discouraged, as the interpretation of these values
is host-dependent.
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getenv 4-28
getenv_init 4-28
heap support 4-41, 4-42
hostsysh 4-30
see |/O support functions
see Kernel functions
library functions 4-27
linking 4-5
makefile 4-3, 4-8
see makefile options
miscellaneous functions  4-41
modifying sources 4-7
Multi-ICE 4-2
NONHANDLE 4-30
object files 4-9
operating system functions 4-41
optionsfile, editing 4-8
porting 4-8
precompiled variants 4-4, 4-5
read-only timer 4-28
remove 4-28
rename 4-29
retargeting 4-2, 4-3, 4-6, 4-7, 4-8
signa string 4-43
source organization 4-6
subdirectories 4-7
system 4-29
system functions 4-8
target specific 4-9
target-independent code 4-7
Thumb variants 4-5

traphandlers 4-41

useby C++ 4-3,4-15

variant names 4-4

variants 4-5

viafiles 4-9

Windows DOS command line 4-9
_clock_init 4-28

clock_t 4-27

ACF

additiverelocation 15-15

dignment 15-3, 15-9

area attributes, see Attributes, AOF
areas

areadeclarations 15-7

area header format  15-8

based arearelocation 15-16

bytesex 15-3

chunks, see Chunks, AOF 15-6

endianness 15-3, 15-4, 15-7

object filetype 15-7

pc-relativerelocation 15-15

relocatable object format  15-7

relocation directives 15-8, 15-13,
15-14

structure of 15-4

symbol attributes, see Attributes,
AOF symbols

APCS 91

argument list marshalling 9-16
argument passing 9-14
ARM-Thumb interworking 2-15,
9-3
binary compatibility 9-2, 9-3
C language calling conventions
9-16
callee-saved registers  9-7
caller-saved registers 9-7
chunked stacks 9-4
compiler options 2-14
conforming 9-6, 9-10
control arrival  9-12
control return 9-15
datarepresentation 9-14
dedicated registers 9-7
floating-point
hardware 9-3, 9-4
registers 9-8, 9-21
software 9-4

frame pointers 9-3, 9-5
functionentry 9-18
function exit 9-12, 9-24
multiple threads 9-4
narrow parameters 2-15, 9-3
non-simpletypes 9-17
reentrant 9-3, 9-4, 9-13
registers 9-7
save code pointer  9-11
specifying variants 2-14, 5-3
stack
backtrace 9-11, 9-20
checking 9-4
chunk limit 9-9
limit 9-4
overflow 9-22
stacks
chunked 9-9
contiguous 9-9
strictly conforming  9-6, 9-10
tail cals 9-18
variadic functions 9-20
wide parameters 9-3
26-bit 9-3
32-bit 9-3
APCSvariants 9-2
lfp 2-14,54
[fpregargs 2-15
/hardfp 2-3, 2-15, 3-10
/interwork 2-15, 5-3
/narrow  2-15
/nofp 2-14,5-4
/nofpregargs  2-15
/nointerwork 2-15, 5-3
/nonreentrant  2-16, 5-4
/noswstackcheck 2-14
[reentrant 2-16, 5-4
/softfp 2-14
/swstackcheck 2-14, 5-4
/wide 2-16
APM
generating source dependencies
2-18,5-6
viafiles 2-13
Area attributes, see Attributes, AOF
areas
Areadeclarations, AOF 15-7
AREA directive 5-28, 5-37, 5-38, 5-72

time 4-29 FPA coprocessor 9-6 Areaheader format, AOF 15-8
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Areas
digning 6-33
baseand size 6-10
cross-references between 6-10
multiple matches in scatterloading
6-29
overview 6-12
placement of 6-9, 6-23, 6-28, 6-32
by attribute 6-32
FIRST and LAST 6-33
sorting rules 6-32
unused 6-8, 6-10
Argument list marshalling
APCS 9-16
TPCS 10-7
Arguments
debugger 7-6
Arithmetic conversions, C and C++
3-19
ARM code
interworking with Thumb  2-15
ARM image format
binary 6-7
executable 6-7
non-executable 6-7
ARM image format, see AIF
ARM Object Format 6-7
ARM object library format, see ALF
armepp 2-2, 2-21, 2-32, 3-40
armecpplib  3-35, 4-3, 4-17
ARMINC environment variable 2-7,
2-9
armlib 8-8
and C++ 4-3
ARMLIB variable 6-38
armlink command 6-4
-aif 6-7
-aif -bin 6-7
-aof 6-7
-base 6-5
-bin 6-7
-case 6-10
-data 6-5
-debug 6-8
-dupok 6-8
-elf 6-7
-entry 6-8
-errors 6-10
-first 6-9

-help 6-6
-info 6-10
-last 6-9
-libpath 6-9, 6-38
-list 6-10
-map 6-10
-match 6-11
-nocase 6-11
-nodebug 6-8
-noremove 6-8
-noscanlib  6-9
-nozeropad 6-8
-output  6-7
-remove 6-8
-ro-base 6-7
-rw-base 6-8
-scanlib  6-9
-scatter 6-7, 6-21
-symbols 6-10
syntax 6-6
-u 6-11
-unresolved 6-11
-verbose 6-10
-via 6-10
-vsn 6-6
-workspace 6-5
-xref 6-10
armprof 8-6
armsd command-line options, see
armsd, invoking
armsd commands
dias 7-9, 7-13
arguments 7-6, 7-14
backtrace 7-7,7-14
break 7-6, 7-15
cal 7-6,7-16
ccin 7-64
ccout 7-64
comment 7-9, 7-12
context 7-7, 7-19
coproc 7-8, 7-17
cregdef 7-8, 7-20
cregisters 7-8, 7-19
cwrite 7-8, 7-20
examine 7-8, 7-21
find 7-8,7-22
for EmbeddedICE  7-62
fpregisters 7-8, 7-23
getfile 7-7,7-25

go 7-6,7-25

help 7-9, 7-26

in 7-7,7-26

istep 7-7,7-27
language 7-7, 7-27
let 7-28, 7-57, 7-61
list 7-8,7-31
listconfig 7-62
load 7-7,7-32
loadagent 7-62
loadconfig 7-62
log 7-9, 7-33
Isym 7-8,7-34
obey 7-9,7-34
out 7-7,7-35
pause 7-9, 7-35

print 7-9, 7-36, 7-56, 7-61

profclear 7-9, 7-36
profoff 7-9, 7-37
profon 7-9, 7-37
profwrite 7-9, 7-37
putfile 7-7,7-38
quit 7-9, 7-39

readsyms 7-39, 7-63

registers 7-8, 7-40
reload 7-7, 7-41
return 7-7,7-41
selectconfig 7-63
step 7-7,7-42
symbols 7-6, 7-43
type 7-9,7-44
unbreak 7-7, 7-45
unwatch 7-7, 7-45
variable 7-6, 7-46
watch 7-7, 7-46
where 7-7, 7-47
while 7-48

1 79712

| 7-9,7-12

armsd, invoking
syntax overview 7-3

-adp 7-4

-armul  7-3
-big 7-3

-clock 7-4
-exec 7-3
-fpe 7-3

-help 7-3
- 7-3
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-linespeed 7-4
-little 7-3
-loadconfig 7-4
-nofpe 7-3

-0 7-3

-port 7-4
-proc 7-3
-rem 7-3
-reset 7-4
-script 7-3
-selectconfig 7-4
-symbols 7-3

armsd.ini file 7-2
ARMulator

accuracy 12-2
and the ANSI Clibraries 4-2
ARMuI_State 12-4
basic model 12-7
benchmarking 12-2
byte-lane memory 12-14
callback 12-57
configuration 12-62
coprocessor initialization 12-24,
12-27, 12-28
counters 12-67
cycle
count 12-20
length 12-19
dataabort 12-69
early models 12-7
eapsedtime 12-19
endianness 12-15
events 12-87
scheduling 12-70
exceptions  12-36, 12-39, 12-55,
12-65
floating-point  12-40
functions, see Functions, ARMulator
halfword support 12-13
initialization sequence 12-4, 12-7
intercepting SWIs 12-36
interrupts 12-64
late models 12-7
logging 12-67
map files 12-4
memory
access 12-68
interface 12-13
memory map statistics 7-54

memory model
initilization 12-17
interface 12-16
memory models 12-7
memory type variants 12-13
minimal environment 12-3
models, see Models, ARMulator
NTRANSsignal 12-13, 12-61
operating system 12-38
processor signals 12-16
profiling 12-66
and remote debug interface 12-2,
12-3, 12-22, 12-24, 12-66, 12-83
return codes, see Return codes
sibling coprocessors  12-28
state 12-42
StrongARM  12-14
tags 12-5
ToolConf 12-5
tracing 12-67
upcalls 12-7,12-18
see also Upcalls, ARMulator
user functions 12-7
watchpoints 12-66
$statistics  7-55
$statistics inc  7-55
armul.cnf 12-5
ARMul_CPInterface 12-24
ARMul_MemType
ARM8 12-15
ARM9 12-15
Basic 12-13
BasicCached 12-14
ByteLane 12-14
StrongARM  12-14
Thumb 12-13
ThumbCached 12-14
16Bit 12-13
16BitCached 12-14
ARM9 35
Arrays
new, delete, C++ 3-49
ASD compiler option 2-24
Assembler command syntax 5-3
Assembly language
absolute addresses 5-28
addition operators 5-92
binary operators 5-91
built-in variables 5-10

compiler output 2-20
coprocessor names  5-9
defining macros 5-73
directives, see Directives, assembly
entry point 5-56
expressions 5-88
format of sourcelines 5-8
global variables 5-60, 5-61, 5-62,
5-82, 5-83, 5-84
labels 5-27
local labels 5-28
logical
expressions 5-90
operators 5-92
varigbles 5-26
multiplicative operators 5-91
numeric constants 5-29
numeric expressions 5-89
numeric variables 5-26
operator precedence 5-88, 5-91
operators 5-88
pc 5-10, 5-27, 5-36, 5-89
program counter 5-10, 5-27, 5-36,
5-89
program-relative 5-27
expressions 5-89
pseudo-instructions, see
Pseudo-instructions, assembly
register names 5-9
register-relative
expressions 5-89
labels 5-28
relational operators 5-92
shift operators 5-92
string
expressions 5-88
literals 5-88
manipulation 5-91
variables 5-26, 5-27
symbol naming rules 5-25
symbols 5-25
unary operators 5-90
variable substitution 5-27
variebles 5-26
built-in  5-10
global 5-60, 5-61, 5-62, 5-82,
5-83,5-84
loca 5-69, 5-70, 5-71, 5-82,
5-83,5-84
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[$$$bbbH| 5-39
ASSERT directive 5-40
Assignment operator warning 2-30
Attributes, AOF areas
absolute 15-8, 15-9, 15-10
code 15-9, 15-10, 15-11
debugging table 15-11
no software stack check 15-11
position-independent  15-11
read-only 15-11
re-entrant 15-11
zero-initialised 15-10
32-bit PC 15-11
Attributes, AOF symbols
absolute 15-18, 15-19
case-insensitive reference  15-19
code 15-19
codedatum 15-19
common 15-19
weak 15-18, 15-19

B

Base address, AIF 13-3
Baseclasses 3-20
:BASE: operator 5-90
Based arearelocation, AOF 15-16
Basic model, ARMulator 12-7
BCD (packed) 11-7
Binary images 6-7, 6-13
zero-initialized areasin 6-8
Binary operators, assembly 5-91
Bitfield type warning 2-30
Bitfields 3-24
overlapping, C and C++ 3-23
bool, C++ 3-49
Breakpoints
ARM or Thumb code 7-15
debugger 7-6, 7-15
removing 7-45
setting 7-51
BX instruction 5-42, 5-45
Bytesex, AOF 15-3
Byte-lane memory 12-14
Bytes, reading and writing in armsd
7-30

C

Cand C++
bitfields, overlapping 3-23
character sets 3-14
data types, see Data types, C and
C++
expression evaluation 3-19
field dignment 3-20
floating-point operations 3-19
globd variables, alignment 3-16
identifiers 3-14
integral conversion 3-35
integral types, operationson 3-18
keywords, see Keywords, C and C++
language extensions 3-37
limits, floating-point 3-47
limits, integral numbers 3-46
natural alignment 3-16
overlapping of bitfields 3-23
pointers, casting to integers 3-17
pointers, subtraction 3-19
structures, see Structures, C and C++
virtual functions 3-20
C language calling conventions
APCS 9-16
TPCS 10-7
Clibraries
see ANSI Clibrary
see C++ library
see Embedded C library
see |/O support functions
see Kernel functions
see makefile options
see Rogue Wave C++ library
Call graph, profiling 8-6
Callback, ARMulator 12-57
Callee narrowing 2-16
Case-insengitive reference attribute,
AOF 15-19
Casts, new style, C++ 3-49
:CC: operator 5-91
cdp, ARMulator function 12-33
__ CFRONT_LIKE, C and C++ macro
3-40
Cfront mode 2-3
_ CFRONT_LIKE macro 3-40
compiler option 2-16
Character

setsinCand C++ 3-14
universal names, C++ 3-50
Characters after preprocessor directive
error 2-35
char, changing sign of 2-27
Checking arguments for
printf/scanf-like functions 3-3
:CHR: operator 5-88, 5-90
Chunk file format, AOF 15-4
Chunked stacks, APCS 9-9
Chunkindex, ALF 14-5
Chunks, ALF
LIB_DATA 14-4,14-6
LIB_DIRY 14-4,14-5
LIB_TIME 14-4,14-7
LIB_VRSN 14-4,14-6
OBJ AREA 14-3
OFL_SYMT 14-4,14-8
OFL_TIME 14-4,14-8
Chunks, AOF
fileformat 15-4
header 15-7
identification 15-22
OBJ AREA 15-13
OBJ HEAD 15-7
OBJ SYMT 15-17
string table  15-21
symbol table 15-7, 15-14, 15-17,
15-21
Class templates, C++
partial specidization 3-50
CMF floating-point instruction 11-10
CN directive 5-41
CNF floating-point instruction 11-10
Code
controlling generation with pragmas
36
size 4-11
Code areas
compiler controls 2-26
Code attribute
AOF areas 15-9, 15-10, 15-11
AOF symbols 15-19
Code datum attribute, AOF 15-19
CODE16 directive 5-7, 5-42
CODE32 directive 5-43
Command syntax
ANSI to PCC C translator 8-12
assembler 5-3
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compilers 2-11
decaof 8-10
decaxf 8-11
fromelf 8-3
librarian 8-8
profiler 8-6
topcc 8-12
Commands
see armlink commands
see armsd commands
Comments
character set, Cand C++ 3-14
debugger 7-12
ininline assembler 3-39
retaining in preprocessor output
2-18
Common attribute, AOF 15-19
Common sub-expression elimination
35,37
Common tail optimization 3-5
Compatibility, ARM and Thumb
compilers 2-5
Compilation errors, continuing after
33
Compiler options
-ans  2-16
-apcs 2-14
see also APCS variants
-architecture 2-21
-asd 2-24
-bigend 2-28
-C 2-18
-c 2-19
-cfront 2-16
combining 2-12
-cpu 2-21
-D 2-18
-dwarf 2-24
-dwarfl 2-24
-dwarf2 2-24
-E 2-13,2-18
-Ea 2-34
-Ec 2-34
-Ef 2-34
-Ei 2-34
-El 2-34
-Ep 2-35
-errors 2-13
-Ez 2-35

-fa 2-32

-fd 2-7,2-10
-fh 2-33

-fi 2-19

-fj 2-19

-fk 2-7, 2-8, 2-10, 2-17
-fp 2-33

-fpu 2-21

-fu 2-19
-fussy 2-16
-fv 2-33

-fw 2-26

-fx 2-33

-fy 2-27,3-20
-fz 2-28

-g 2-23

-gt 2-23

-gx 2-24

-help 2-13

-l 2-7,2-9, 2-17
- 2-7,2-9,2-17
-list 2-19
-littleend 2-28
-M 2-18

-MD 2-18
-MD- 2-18
memory speed 2-26
-0 2-25

-0 2-20
-Ospace 2-25
-Otime 2-25
-pcc 2-17
-pedantic  2-17
-processor 2-22
reading from afile 2-13
-S 2-20
specifying 2-12
-strict 2-17
syntax 2-11
-U 219

-W 2-29

-Wa 2-30

-Wb 2-30
-Wd 2-30

-Wf 2-30
-Wg 2-30

-Wi 2-31

-Wl 2-31

-Wn 2-31

-Wp 2-31
-Wr 2-31
-Ws 2-32
-Wt 2-32
-Wu 2-32
-Wv 2-32
-za 2-28
-zap 2-29
-zas 2-28,3-24
-zat 2-29, 3-16
-z¢c 2-27
-Zi 2-26
-z0 2-27
-zp 2-35
-zr 2-28
-zt 2-27
-zz 2-27

Compilers

architecture, specifying 2-20
assembly language output  2-20
code generation 2-24

debug tables 2-23

defining symbols 2-18

errors, redirecting 2-13
excluding thelink step 2-19
header files 2-7

instruction scheduling 3-5
invoking 2-11

keyboard input 2-13

language, setting source 2-16
library support 2-5

listing files 2-7, 2-19

load, store options 2-28
macros, _CFRONT_LIKE 2-4
modes, see Source language modes
object files 2-7

output files 2-7, 2-18

output format, specifying 2-19
pragmas, see Pragmas

see Source language modes
specifying output format  2-19
standards 2-2, 2-3

string literals, writeable 2-26
supported filenames 2-6
suppressing error messages 2-33
target processor 2-20

Thumb code 2-21

undefining symbols 2-19

see Warning messages, compilers
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Compiling
ANSI standard C 2-16
ARM and Thumb interworking
2-15
ARM code 2-2
big-endian code 2-28
Cfront 2-16
C++ 2-1
little-endian code 2-28
Thumb code 2-2
concatenate operator 5-91
CondChecklInstr, ARMulator function
12-78
ConfigChangeUpcall, ARMulator
12-62
Configuration, ARMulator 12-62
Configuring, the linker 6-11
Conforming, APCS 9-6, 9-10
ConsolePrint, ARMulator function
12-84
Containers, for bitfields, C and C++
3-24
Contiguous stacks, APCS 9-9
Control arrival, APCS 9-12
Control arrival, TPCS 10-5
Control return, APCS 9-15
Control return, TPCS 10-6
CoProAttach, ARMulator function
12-27
Coprocessor
ARMulator model 12-24
Coprocessor names, assembly  5-9
Coprocessors
register content 7-19, 7-20
register set 7-17
writingto 7-20
Counters, ARMulator 12-67
Covariant return types, C++ 3-50
CPdirective 5-44
_ cplusplus, Cand C++ macro  3-40
CPRead, ARMulator function 12-52
CPRegBytes, ARMulator function
12-51
CPWrite, ARMulator function 12-53
Current place, the 2-8
excluding 2-17
Cycle
count, ARMulator 12-20
length, ARMulator 12-19

C++
arrays, new, delete 3-49
bool 3-49

Casts, new style 3-49
covariant return types 3-50
deletearray 3-49
exceptions 3-49
header files 3-35
implementation definition 3-35
keywords 3-35
keywords, see Keywords, C++
language feature support  3-49
linkage specification 3-50
member functions, pointersto 3-17
member templates 3-50
namespaces 3-49
new array 3-49
new stylecasts 3-49
nothrow, new 3-49
runtime typeidentification 3-49
standard library 3-35
static member constants  3-50
templates 3-49
wchar_t 3-50
wide characters 3-50

C++ compilers
using 2-1
variants 2-2

C++library 4-1, 4-2, 4-15
additional functions 4-16
binary 4-2
compiler helper functions 4-16
C++ draft standard  4-3
helper functions 4-15
iostream.h  4-17
location of 4-3
naming conventions 4-4
new.h 4-16
precompiled variants 4-4
rebuilding 4-17
Rogue Wave 4-2
Rogue Wave C++ 4-3
Rogue Wave sublibraries 4-2
source 4-2,4-16
sublibraries 4-16, 4-17
subsections 4-17
typeinfo 4-16
useof ANSI C 4-3
using 4-15, 4-16

variants 4-15
C++ mode 2-3
with -fussy 2-16

D

Data areas
compiler controls 2-26
zeroinitialized 2-27
DATA directive 5-32,5-45, 5-46, 5-47,
5-48, 5-53, 5-54
Datatypes, C and C++
dignment 3-16
long double 3-37
long long 3-37
operationson 3-18
size 3-16
structured  3-20
Datalength, ALF 14-5
DCB directive 5-36, 5-45, 5-46
DCD directive 5-45, 5-47
DCDU directive 5-36, 5-48
DCFD directive 5-49
DCFDU directive 5-50
DCFSdirective 5-51
DCFSU directive 5-52
DCW directive 5-36, 5-45, 5-53
DCWU directive 5-36, 5-54
Debug table formats
ASD 2-24
DWARF 2-24
Debug tables 2-23
and optimization 1-7, 2-26
generating 2-23, 5-5
limiting size 2-23
Debugger
see also armsd command
accessing the operating system 7-12
active procedures 7-7, 7-14
address constants  7-53
ADP
clock speed 7-4
configuration data 7-4
linespeed 7-4
port 7-4
target configuration 7-4
target processor reset 7-4
dliases 7-9, 7-13
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arguments 7-6
amsd.ini 7-2
ARMulator 7-3
backtrace 7-7,7-14
big-endian memory 7-3
breakpoints 7-6, 7-15, 7-51

removing 7-7, 7-45
bytes, reading and writing 7-30
calling aprocedure 7-16
changing

memory 7-28, 7-57

variables 7-28, 7-57
character constants  7-53
command files 7-9, 7-34
command-line arguments  7-29
comment lines 7-9, 7-12
communications channel  7-64
conditional execution 7-55
constants  7-53
context setting  7-26
controlling execution 7-6
COprocessor register content  7-8,

7-17,7-19, 7-20
coprocessor register display 7-8
COprocessor register set 7-8, 7-17
coprocessor writes  7-8, 7-20
displaydesc argument  7-18
echoing commands 7-54
EmbeddedI CE

commands 7-62

variables 7-55, 7-56
execution conditions  7-55
execution options  7-3
expressions as arguments  7-51
finding valuesin memory 7-8
floating-point

emulator 7-3

library 7-3

registers 7-8, 7-23

values 7-54
global variables 7-49
halfwords, reading and writing 7-30
helpon 7-3, 7-9, 7-26
high-level languages 7-27, 7-49
initialization file 7-2
input from named file 7-3
instructions, stepping through 7-27
integer

constants 7-54, 7-58

display 7-57
values 7-54
internal
symbols 7-43
variables 7-56
linesindisplay 7-31
little-endian memory 7-3
loading
animage 7-7,7-32
debug information only 7-3
information from file 7-39
logging output  7-33
low-level
debugging 7-7, 7-59
symbols 7-8, 7-34, 7-59, 7-61
memory
content 7-8, 7-21, 7-22, 7-31
size of target 7-55
writes 7-25
messages 7-9
Multi-ICE variables 7-56
multi-statement lines  7-48
operating system commands 7-9
output tofile 7-3, 7-9
overview 7-2
pausing 7-35
predefined symbols 7-60
procedure
cdls 7-6, 7-16
names 7-51
processor type 7-3
profiling
counts 7-9, 7-36
data 7-9, 7-37
options 7-32
profiling data 7-9, 7-37
program
arguments 7-14
context 7-7, 7-19, 7-35, 7-47
line numbers 7-51
locations 7-50
variables 7-9
program context 7-7
prompts 7-9
quitting from 7-39
RDI logging 7-54
reading from memory 7-7
registers 7-8, 7-40, 7-61

reloading
animage 7-7
files 7-41
remote debugging using ADP  7-4
returning from aprocedurecall 7-7,
7-41
search paths 7-3
setting the psr 7-61
shorts, reading and writing  7-30
simulation, duration of 7-54
source directory  7-29
source-level objects 7-49
starting program execution  7-6,
7-25
statements within aline 7-51
stepping through
instructions  7-7
statements 7-7, 7-42
stopping 7-9
subscripting of pointers and arrays
7-53
symbols 7-3, 7-6, 7-43
target memory size 7-55
typing content of afile 7-9, 7-44
user input  7-9
variable lookup 7-7, 7-19
variables 7-6, 7-49
content of 7-36
context of 7-49
formatting 7-57
infunctions 7-50
information on 7-46
listof 7-54
namesof 7-49
watchpoints 7-7
clearing 7-45
removing 7-7
Setting  7-46
writing memory to file 7-38
writing to memory  7-7
Debugging
compiler options 2-24
optimization options  2-25
teble formats 2-24
Debugging table attribute  15-11
DebugPause, ARMulator function
12-85
DebugPrint, ARMulator function
12-83

Index-8

Copyright © 1997 and 1998 ARM Limited. All rights reserved.

ARM DUI 0041C



decaof 8-10

decaxf 8-11

Declaration lacks type/storage-class
error 2-34

:DEF: operator 5-90

Default template arguments, C++ 3-50

Defining symbols
Cand C++ 2-18
Delete array, C++ 3-49
Demon 1-6
Directives
pc-relativerelocation 6-11
relocation 6-41
Directives, assembly language
tebleof 5-2
ALIGN 5-20, 5-32, 5-36, 5-38,
5-46, 5-48, 5-53, 5-54

AREA 5-28, 5-37, 5-38, 5-72, 6-32

ASSERT 5-40
CN 5-41
CODE16 57,542
CODE32 543
CP 5-44

DATA 5-32,5-45,5-46, 5-47,5-48,

5-53, 5-54
DCB 5-36, 5-45, 5-46
DCD 5-45,5-47
DCDU 5-36, 5-48
DCFD 5-49
DCFDU 5-50
DCFS 5-51
DCFSU 5-52
DCW 5-36, 5-45, 5-53
DCWU 5-36, 5-54
ELSE 5-33,5-34
END 5-55
ENDIF 5-33,5-34
ENTRY 5-56
EQU 5-29, 5-57,5-63
EXPORT 5-58
EXTERN 5-64
FN 5-59

GBLA 5-7,5-26, 5-60, 5-77, 5-82
GBLL 5-7,5-26, 5-61, 5-77, 5-83
GBLS 5-7, 5-26, 5-62, 5-77, 5-84
GET 5-30, 5-55, 5-63

GLOBAL 5-58

IF 5-30, 5-33, 5-75, 5-87
IMPORT 5-64

INCBIN 5-66

INCLUDE 5-6, 5-30, 5-63
INFO 5-67

KEEP 5-68

LCLA 5-26,5-69, 5-77, 5-82
LCLL 5-26,5-70, 5-77,5-83
LCLS 5-26,5-71,5-77,5-84
LTORG 572

MACRO 5-30, 5-73

MAP 5-35

MEND 5-73,5-77,5-78
MEXIT 5-75

nesting 5-30

NOFP 5-76

OPT 5-10,5-77,5-78
RLIST 5-4,5-6,5-79

RN 5-80

ROUT 5-28, 5-29, 5-39, 5-81

SETA 5-7,5-10, 5-26, 5-60, 5-69,

5-77,5-82

SETL 5-7,5-10, 5-26, 5-61, 5-70,

5-77,5-83

SETS 5-7,5-10, 5-26, 5-62, 5-71,

5-77,5-84

SUBT 5-85

TTL 5-86

WEND 5-87

WHILE 5-30, 5-75, 5-87

1 567

# 5-31,5-35

% 5-32,5-36

& 5-47

* 5.57

= 546

[ 533

] 534

N 531,535

| 534
Directory, ALF 14-2
Disassembly 8-4, 8-10, 8-11
Dolnstr, ARMulator function 12-82
DoProg, ARMulator function 12-82
Double precision 11-6
Downloader, flash 8-15, 8-17
Draft Standard C++

and error messages  2-34

and inline assembler 3-38

language feature support  3-49

library 3-35

limits 3-43
support for 3-49
Duplicate symbolsin linker 6-8
DWARF 1-6, 1-9, 2-23, 2-24, 2-26,
34,55

E

Early models, ARMulator 12-7
Elapsed time, ARMulator 12-19
ELFfileformat 1-6, 6-7, 6-13
ELSE directive 5-33, 5-34
Embedded C library 4-1, 4-2, 4-19
Angel SWis 4-19
ANSI C subset 4-19
binary 4-2
calouts 4-22
codesize 4-20
dependencies 4-4, 4-20
divison 4-19
_dmul 4-19
errno variable 4-24
error codes 4-23
exceptiontrap 4-23
floating-point 4-19
floating-point status 4-25
functions 4-19
heap descriptor 4-26
heap manager 4-26
memory configuration 4-19
memory overhead 4-19
operating system dependence 4-20
precompiled variants 4-4
reentrancy 4-19
__rt_embeddedalloc_init 4-26
__rt_errno_addr 4-24
_rnt_fp_status addr 4-25
__rt_heapdescriptor 4-26
_ rt_trap 4-23
runtime support  4-19
source 4-2

standalone functions 4-20
static data 4-4, 4-20
supported functions 4-20
system 4-4

target 4-4

variant names 4-4
variants 4-21
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EmbeddedI CE
configurations available 7-62
loading adatafile 7-62
loading animage 7-62
loading debug dataonly 7-63
selecting a configuration  7-63
varigbles 7-56
END directive 5-55
EndCondition, ARMulator function
12-81
Endianness 2-28
ALF 14-3
AOF 15-3,15-4, 15-7
ARMulator 12-15
ARMulator configuration 12-62
assembler variable 5-10
bigend signal  12-57
Clibrary 4-13
C library naming 6-39
Flash downloader 8-15
ENDIF directive 5-33,5-34
ENTRY directive 5-56
Entry point
AlF 13-2,13-3
AOF 15-7
assembly 5-56
reentrant functions 9-13
specifying to the linker  6-8
__main 4-36
Entrylength, ALF 14-5
Enumerations
assigned integers 2-27
enum, C and C++ keyword 3-20
Environment variables
ARMINC 2-7,2-9
:EOR: operator 5-92
EQU directive 5-29, 5-57, 5-63
Errno variable
embedded C 4-24
Error
codes, embedded C 4-23
Error messages
assembler
ASSERT directive 5-40
changing to warnings 5-7
ENTRY directive 5-56
INFO directive 5-67
listing 5-5
missing AREA directive 5-39

compilers
access control  2-34
characters after preprocessor
directive 2-35

continuing after 3-3

controlling 2-33

declaration lacks

type/storage-class 2-34

fussy 2-16

implicit casts 2-34

linkage disagreements 2-34

listing 2-19

perror() 3-33

redirecting 2-13

severity 3-25

tentative declarations 2-27

unclean casts 2-34

zero length array  2-35
linker

preventingmissingsymbol errors

5-64
redirecting 6-10
Ethernet, override | P address and net
mask 8-15
Evaluating expressions, C and C++
3-19
Event scheduling, ARMulator 12-70
Events, ARMulator 12-87
EventUpcall, ARMulator 12-89
Exception trap (floating-point) 11-15
Exceptions
inexact 11-3
underflow 11-3

Exceptions, ARMulator 12-55, 12-65

Exceptions, C++ 3-49
ExceptionUpcall, ARMulator 12-65

exception, ARMulator function 12-39

Executable AIF 13-3
Execution

profile 8-6

regions 6-23

speed 2-24,4-11
ExitUpcall, ARMulator 12-59
explicit, C++ keyword 3-50
EXPORT directive 5-58
Expression evaluation in C and C++

3-19

Expressions, assembly 5-88
Extended AIF 13-3

Extended precision 11-7
extern
C and C++ keyword 3-21
inline C++ keyword 3-50
EXTERN directive 5-64
External symbol table, ALF 14-8

F

Field alignment, C and C++ 3-20
File formats
AIF 6-7
AOF 6-7
binary 6-7
ELF 6-7,6-13
Files
amsd.ini 7-2
debugger commands 7-34
debugger output 7-33
memory content in  7-25
naming conventions 2-6
profiling data 7-37
reloading into debugger 7-41
saving memory into  7-38
via 6-10
FIX floating-point instruction 11-8
Flash memory 8-15, 8-17
Floating-point 11-2
APCS 9-21
block datatransfer 11-9
compatibility 2-14
cumulative exception flags 11-15,
11-16
double precision 11-4, 11-6
exception flags 11-16
exceptiontrap 11-15
exceptions 11-14, 11-16
extended precision 11-7
globd register variables 3-10
hardware 11-3
inexact 11-3
instruction set 11-7
instructions, see Instructions,
floating-point
internal format 11-9
library 11-3
library functions 11-4
limitsin Cand C++ 3-47
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NaN exception 11-10, 11-16
operationsin Cand C++ 3-19
precision 11-7
printing valuesin debugger 7-54
read control register 11-9
read status 11-9
register content 7-23
returning values from debugger
7-54
rounding 11-7
single precision 11-4, 11-6
stacks 11-10
status register 11-14
support code 11-2
system control byte 11-16
Thumb 11-2
TPCS 10-2
underflow 11-3
write control register 11-9
write status  11-9
FLT floating-point instruction 11-8
FN directive 5-59
for loop
in Cfront mode 2-4
for loop, C++
variable scope change 3-50
FPA 11-3
FPASC 11-2,11-13
FPEAddresslnEmulator, ARMulator
function 12-41
FPEInstall, ARMulator function 12-40
FPEVersion, ARMulator function
12-41
Frame pointers 2-14
fromelf 8-3
Function call count, profiling 8-6
Function declaration keywords 3-6
Function entry
APCS 9-18
TPCS 109
Function exit
APCS 9-24
TPCS 10-12
Function templates, C++
partial ordering of 3-50
Functions
embedded C library 4-19
Functions, ARMulator
ARMul_AddCounterDesc 12-79

ARMul_AddCounterValue 12-80
ARMul_CondChecklnstr 12-78
ARMul_ConsolePrint 12-84
ARMul_CoProAttach 12-27
ARMul_CPRead 12-52
ARMul_CPRegBytes 12-51
ARMul_CPWrite 12-53
ARMul_DebugPause 12-85
ARMul_DebugPrint 12-83
ARMul_Dolnstr 12-82
ARMul_DoProg 12-82
ARMul_EndCondition 12-81
ARMul_FPEAddressInEmulator
12-41
ARMul_FPEInstall 12-40
ARMuUl_FPEVersion 12-41
ARMul_GetCPSR 12-49
armul_GetCycleLength 12-19
armul_GetMemSize 12-23
ARMul_GetMode 12-44
ARMul_GetPC 12-47
ARMul_GetReg 12-45
ARMul_GetR15 12-47
ARMul_GetSPSR  12-50
ARMul_HatEmulation 12-81
ARMul_Hostlf 12-86
ARMul_Hourglass 12-71
ARMul_HourglassSetRate 12-72
ARMul_InstallMemoryInterface
12-11
armul_MemAccess 12-21
ARMul_PrettyPrint 12-84
ARMul_Properties 12-77
ARMul_RaiseError 12-75
ARMul_RaiseEvent 12-90
ARMul_RDILog 12-85
ARMul_ReadByte 12-68
armul_ReadClock 12-19
armul_ReadCycles 12-20
ARMul_ReadHalfWord 12-68
ARMul_ReadWord 12-68

ARMul_ScheduleCoreEvent 12-74

ARMul_ScheduleEvent 12-73
ARMul_SetConfig 12-54
ARMul_SetCPSR  12-50
armul_SetMemSize 12-23
ARMul_SetNfiq 12-55
ARMul_SetNirq 12-55
ARMul_SetNreset 12-56

ARMul_SetPC 12-48
ARMul_SetReg 12-46
ARMul_SetR15 12-48
ARMul_SetSPSR  12-51
ARMul_SWIHandler 12-56
ARMul_Time 12-77
ARMul_WriteByte 12-69
ARMul_WriteHalfWord 12-69
ARMul_WriteWord 12-69
cdp 12-33

exception 12-39
handle_swi 12-38

init 12-28, 12-37

Idc 12-29

mer  12-32

mrc 12-31

read 12-34

stc 12-30
ToolConf_Cmp 12-6
ToolConf_Lookup 12-5
write 12-35

Functions, C library

clock 4-27
getenv 4-28
remove 4-28
rename 4-29
system 4-29

time 4-29
_clock_init 4-28
_Qetenv_init 4-28
_hostos_error_string 4-43
_hostos signa_string 4-43
_9ys close 4-31
_Sys ensure 4-33
_sys flen 4-34
_sys iserror 4-34
_sys istty 4-34
_Sys open 4-31
_sys read 4-32
_sys tmpnam 4-35
_9ys ttywrch 4-35
_sys write 4-33
__main 4-36

__osdep_heapsupport_extend 4-42
__osdep_heapsupport_finalise 4-42

__osdep_heapsupport_init 4-41

__osdep_traphandlers findise 4-41

__osdep_traphandlers_init 4-41
_rt aloc 4-39
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__rt_command_string 4-37
_ It exit 4-37
_ 1t free 4-40
_ rt malloc 4-39
_rt trap 4-38
Future compatibility warning 2-32

G

GBLA directive 5-7,5-26, 5-60, 5-77,

5-82

GBLL directive 5-7,5-26, 5-61, 5-77,

5-83

GBLSdirective 5-7,5-26, 5-62, 5-77,

5-84
GET directive 5-30, 5-55, 5-63

GetCPSR, ARMulator function 12-49

GetCyclel ength, ARMulator function
12-19

GetMemSize, ARMulator function
12-23

GetMode, ARMulator function 12-44

GetPC, ARMulator function 12-47
GetReg, ARMulator function 12-45
GetR15, ARMulator function 12-47

GetSPSR, ARMulator function 12-50

GLOBAL directive 5-58
Global register variables 3-10
recommendations 3-10
Global variables, C and C++

dignment 3-16

H

Halfword load and store 2-20
Halfword support, ARMulator 12-13
Halfwords

including at thetop level 3-3

iostream.h 4-17

location of 4-3

new.h 4-16

search path 2-9

typeinfo 4-16

unguarded 2-30
Header layout, AIF 13-5
Heap descriptor, embedded C  4-26
Heap manager, embedded C 4-26
Heap support, ANSI C 4-41, 4-42
HEAP_INFO SWI 7-55
Help

debugger 7-26
Help compiler option 2-13
High registers, TPCS 10-3
High-level languages 7-49
Hostlf, ARMulator function 12-86
hostsys.h 4-30

HourglassSetRate, ARMulator function

12-72

Hourglass, ARMulator function 12-71

HTML Rogue Wave documentation
3-35

Identification chunk, AOF 15-22
Identifiers
inCand C++ 3-14
|EEE
double precision 11-4, 11-6
single precision 11-6
754-1985 11-2
IEEE format 3-17
IF directive 5-30, 5-33, 5-75, 5-87
Image layout, AlF 13-4
Image loader, AlIF 13-3

overview 6-12
sections 6-23
overview 6-12
simple 6-17
specifying a memory mayb-17
structure of 6-15
Image$$ symbols6-21
Implementation
standards, C and C+8-43
Implicit
cast error 2-34
constructor warning2-31
narrowing warning 2-31
return warning 2-32
virtual warning 2-31
IMPORT directive 5-64
INCBIN directive 5-66
INCLUDE directive 5-6, 5-30, 5-63
:!INDEX: operator 5-90
Inexact 11-3
INFO directive 5-67
Initialization
libraries 4-10
init, ARMulator function 12-28, 12-37
inline, C and C++ keyword3-6
In-memory filing system 2-17
mem directory 2-7, 2-17
InstallMemoryinterface ARMulator
function 12-11
Instruction scheduling3-5
Instruction set
emulation by ARMulator 12-2
floating-point 11-7
Instructions, assembly language
BX 542,545
LDM 5-4,5-79
STM 5-4,5-79
Instructions, floating-point
binary operations11-11

reading and writing 7-30 Image size 2-24 CMF 11-10
HaltEmulation, ARMulator function Images CNF 11-10
12-81 complex 6-21, 6-22 comparisons 11-10
handle_swi, ARMulator function examples fast operations11-11
12-38 one execution region6-19 FIX 11-8
hardfp 11-3 scatter loaded6-22 FLT 11-8
Header chunk, AOF 15-7 two execution regionst-20 LDF 11-8
Header files 2-7 loading into debugger7-32 LFM 11-9
C++ 3-35 page alignment6-32 load multiple 11-9
including 2-7 regions RFC 11-9
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RFS 11-9

SFM 11-9

STF 11-8

storemultiple 11-9

trigonometric operations 11-12

unary operations 11-12

WFC 11-9

WFS 11-9
Integer

casting to pointers  3-17

generating integer literal inline 2-26
Integral

conversion, C and C++ 3-35

limitsin C and C++ 3-46
Internal limits, compilers 3-45
Interrupt latency 2-28, 4-13
Interrupt requests

and Cor C++ 3-7
Interrupts, ARMulator 12-64
InterruptUpcall, ARMulator 12-64
Interworking

listsof calls 6-10

scatter load description file 6-29
Interworking ARM and Thumb 2-15
Invoking the compiler 2-11
Invoking theinline assembler 3-39
iostream, C++ keyword 3-35
iostream.h 4-17
|P address, override 8-15
IRQ 3-7
1/0 support functions, ANSI C

_sys close 4-31

_Sys ensure 4-33

_gys flen 4-34

_sys iserror 4-34

_sys istty 4-34

_Sys open 4-31

_sys read 4-32

_sys tmpnam 4-35

_sys ttywrch 4-35

_sys write 4-33

K

KEEP directive 5-68

Kernd functions, ANSI C
__man 4-36
_rt_dloc 4-39

__rt_command_string 4-37
_rtexit 4-37
_ 1t free 4-40
_ rt malloc 4-39
__rt trap 4-38
Kernighan and Ritchie search paths
2-17
Keywords, C and C++
extern 3-21
function declaration 3-6
inline 3-6
__inline 3-6
_ packed 3-11,3-24
__pure 3-5,3-7
register 3-9
register (global) 3-10
signed 3-17
static 3-21
struct 3-20
_swi 37
__swi_indirect 3-8
union 3-20
__value_in _regs 3-8
variable declaration 3-9
volatile 3-5, 3-13
Keywords, C++ 3-35
explicit 3-50
externinline 3-50
typeid 3-49
typename 3-50

L

Labels, assembly 5-27
Labels, local, assembly 5-28
:LAND: operator 5-93
Language
C++ feature support  3-49
default compiler mode 2-3
extensions, C and C++ 3-37
setting in debugger  7-27
see Source language modes
Late models, ARMulator 12-7
Latency, interrupt 2-28
LCLA directive 5-26, 5-69, 5-77, 5-82
LCLL directive 5-26, 5-70, 5-77, 5-83
LCLSdirective 5-26,5-71,5-77,5-84
ldc, ARMulator function 12-29

LDF floating-point instruction 11-8
LDFD pseudo-instruction 5-14, 5-72
LDFS pseudo-instruction  5-15, 5-72
LDM instruction 2-28, 3-5, 5-4, 5-79
LDR
and integer literals 2-26
optimizing 3-5
pseudo-instruction  5-16, 5-72
Thumb pseudo-instruction  5-21,
5-72
:LEFT: operator 5-91
:LEN: operator 5-90
:LEOR: operator 5-93
LFM floating-point instruction 11-9
Librarian 8-8
Libraries
automatic inclusion in link step
6-39
C++ Standard  3-35
including during link step 6-37
linker defaults 6-9
linker search path 6-9
scanning 6-9
see ANSI C library
see C++ library
see Embedded C library
see |/O support functions
see Kernel functions
see makefile options
see Rogue Wave C++ library
Library functions
floating point  11-4
LIB_DATA chunk, ALF 14-4, 14-6
LIB_DIRY chunk, ALF 14-4, 14-5
LIB_TIME chunk, ALF 14-7
LIB_VRSN chunk, ALF 14-4, 14-6
Limits
compilersinternal  3-45
floating-point, in C and C++ 3-47
implementation, C and C++ 3-43
integral numbersin C and C++ 3-46
Link register, overwriting 2-28
Linkage disagreement error  2-34
Linkage specification, C++ 3-50
Linker
areas. see Areas
binary files 6-13
case-sensitive symbol matching
6-10
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code and datasizes 6-10
configuring 6-11
cross-references between areas 6-10
-debug 7-59
debug information
turning on and off 6-8
default addresses 6-7
diagnostics 6-10
duplicate symbols 6-8
entering commands viaafile 6-10
execution information 6-16
helpon 6-4, 6-10
image
construction  6-5
entry point 6-8
load and execution views 6-16,
6-18
overview 6-12
structure 6-15
image-related information 6-6
information 6-10
input filelist 6-37
interworking calls 6-10
librariesin 6-37
library inclusion, automatic 6-39
library search path 6-9
load information 6-16
memory map information 6-7, 6-15
messages 6-10
obsolete command-line options  6-5
output file 6-4, 6-7
output formats 6-4, 6-13
overview of 6-2
regions 6-12
RO section base address  6-7, 6-17
RW section base address 6-8, 6-17
scatter loading
command-line option  6-5, 6-7
see also Scatter loading and
Scatter |oad description file
sections 6-12
software version 6-6
sorting input areas  6-32
standard output stream  6-10
symbol-matching options 6-11
symbols 6-21, 6-34
used inlink step  6-10
undefined symbols 6-11
unused areas 6-8, 6-10

viafiles 6-10
zero-initialized areas  6-8, 6-14
$$ symbols 6-34
:LNOT: operator 5-90
Load regions 6-23
Local
labels, assembly 5-28
variables, assembly 5-69, 5-70,
5-71, 5-82, 5-83, 5-84
variables, C and C++ alignment
3-16
locale, C++ keyword 3-35
Logging, ARMulator 12-67
Logical
expressions, assembly  5-90
operators, assembly  5-92
variable, assembly 5-26
longlong 3-37
:LOR: operator 5-93
Lower precision warning 2-31
Low-level debugging 7-59
LTORG directive 5-72

M

MACRO directive 5-30, 5-73
Macros
preprocessor 2-18
Macros, C and C++
predefined 3-40
__man 4-36
Makefile options
interrupt latency 4-13
LDMLIMIT 4-13
makefile options
address space, 26 or 32-bit 4-12
APCSA 4-13
APCSC 4-14
ASFLAGS 4-14
assembler 4-13
backtracing 4-12
CCFLAGS 4-14
compiler 4-14
divide=small 4-11
divide=unrolled 4-11
ENDIAN=bor| 4-13
floating-point APCS options  4-13
floating-point instruction set  4-13

FPIS=20or3 4-13
FPREGARGS 4-13
fp_type=fplib 4-12
fp_type=hardfp 4-12
INTERWORK 4-13
LIBNAME 4-9, 4-11
LIBTYPE=angel 4-11
LIBTYPE=embedded 4-11
memcpy=fast 4-11
memcpy=small 4-11
passing fp arguments  4-13
PCZS=26 or 32 4-12
stack backtracing 4-12
stack=chunked 4-12
stack=contiguous 4-12
stdfile_redirection 4-12
TARGET=ARM 4-11
TARGET=Thumb 4-11
Makefiles
generating 2-18
makefile, ANSI C library 4-8
MAP directive 5-35
Map files, ARMulator 12-4
mcr, ARMulator function 12-32
mem directory 2-7, 2-17
MemAccess, ARMulator function
12-21
Member templates, C++ 3-50
memcmp() 3-21
memcpy makefile options 4-11
Memory
ARM or Thumb code display 7-31
changing content of 7-28
examining 7-21, 7-31
finding valuesin 7-22
reading from 7-30
writingto 7-25, 7-30
writingtofile 7-38
Memory map
describing to linker 6-23
specifying 6-7
statistics variable 7-54
Memory models, ARMulator 12-7
Memory protection, AIF 13-4
Memory speed 2-26
MEND directive 5-73,5-77,5-78
MEXIT directive 5-75
ModeChangeUpcall, ARMulator
12-60
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Model stubs, ARMulator 12-4
Models, ARMulator
basic 12-7
basic mode initialization 12-10
bus cycleinsertion 12-68
coprocessor 12-24
ealy 12-7
hierarchy 12-8
late 12-7
memory 12-7, 12-68
memory initidization 12-17
memory interface 12-16
stubs 12-4
tracer 12-7
veneer memory 12-7, 12-8, 12-11
watchpoint 12-7
Modes, compiler, see Source language
modes
MOV Thumb pseudo-instruction 5-23
mrc, ARMulator function 12-31
MS-DOS
need for viafiles 4-9
Multi-ICE
variables 7-56
Multiple instantiation, TPCS 10-2
Multiplicative operators, assembly
5-91

N

Namespaces, C++ 3-49

Naming conventions 2-6

Natural aignment, C and C++ 3-16
Nesting directives 5-30

Net mask, Ethernet, override 8-15
New array, C++ 3-49

New style casts, C++ 3-49

new.h 4-16

NOFP directive 5-76

Non-ANS! includewarning 2-31
Non-executable AIF 13-3
Non-simple types, APCS 9-17
Non-simple types, TPCS 10-8
NOP pseudo-instruction 5-18

NOP Thumb pseudo-instruction 5-24
:NOT: operator 5-90

Nothrow new, C++ 3-49
NTRANSsignal 12-13, 12-61

Numeric constants, assembly 5-29
Numeric expressions, assembly 5-89
Numeric variable, assembly 5-26

O

Object alignment, specifying 2-29
Object filetype, AOF 15-7
OBJ_AREA chunk, ALF 14-3
OBJ_AREA chunk, AOF 15-13
OBJ _HEAD chunk, AOF 15-7
OBJ_SYMT chunk, AOF 15-17
OFL_SYMT chunk, ALF 14-4,14-8
OFL_TIME chunk, ALF 14-4,14-8
Operating system
accessing from debugger 7-12
Operator precedence, assembly 5-88,
5-91
OPT directive 5-10, 5-77,5-78
Optimization
and debug tables 2-24
and pure functions 3-7
common sub-expressionelimination
3537
common tail 3-5
compiler options 2-25
controlling 2-24
controlling with pragmas  3-4
crossumping 3-5
multipleloads 3-5
no optimize scheduling pragma  3-5
no side effects pragma 3-5
packed keyword 3-12
structure packing 3-11
volatile keyword 3-13
:OR: operator 5-92
Output
debugger logs 7-33
Overlapping, of bitfields, C and C++
3-23
Overloaded functions, C and C++
argument limits  3-43

P

Packed BCD 11-7

Packed structures, C and C++ 3-11,
3-24
packed, C and C++ keyword 3-24
Padding
of C and C++ structures 3-21
Padding inserted in structure warning
2-32
Page alignment
images 6-32
PCCC 812
PCC mode 2-3,2-17
and ANSI header files 2-17
pc-relative relocation directives 6-11,
6-41
pc-relative relocation, AOF 15-15
pc, assembly 5-10, 5-27, 5-36, 5-89
Pointers, in C and C++
casting to integers  3-17
subtraction  3-19
Portability
filenames 2-6
Position-independent attribute, AOF
15-11
Pragmas 3-2
check_printf_formats 3-3, 3-4
continue_after_hash error 3-3
debug_inlines 3-4
emulating on command-line 2-35
force top_level 3-3
include_only_once 3-3
no_check_stack 3-6
no_side_effects 3-5
optimise_crosgump 3-4, 3-5
optimise_cse 3-5
optimise_multiple_loads 3-5
preprocessor control  3-3
Precision, floating point  11-7
Predefined macros, C and C++ 3-40
Preprocessor
controlling with pragmas 3-3
Preprocessor macros 2-18, 2-19
Preprocessor options 2-18
-C 2-18
-D 2-18
-E 2-18
-M 2-18
-MD 2-18
-MD- 2-18
-U 2-19
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PrettyPrint, ARMulator function 12-84
printf argument checking 3-3
Procedure calls
debugger 7-16
in debugger 7-6
returning from 7-41
Processor signals, ARMulator 12-16
Profiler 8-6
profiler.c 12-66
Profiling
clearing counts  7-36
debugger options  7-32
end ing data collection 7-37
starting data collection 7-37
writing datato file 7-37
Program context 7-26, 7-35
Program counter, assembly 5-10, 5-27,
5-36, 5-89
Program-relative
expressions 5-89
labels 5-27
Programs
executing in debugger 7-25
Properties, ARMulator function 12-77
Pseudo-instructions, assembly language
tableof 5-2
ADR 5-12
ADR (Thumb) 5-20
ADRL 5-13
LDFD 5-14,5-72
LDFS 5-15,5-72
LDR 5-16,5-72
LDR (Thumb) 5-21,5-72
MOV (Thumb) 5-23
NOP 5-18
NOP (Thumb) 5-24
PSR
setting under armsd  7-61
ptrdiff_t 3-17
Pure functions 3-7

Q

Qualifiers
__packed 3-11
type 3-11
volatile 3-5, 3-13

R

RaiseError, ARMulator function 12-75
RaiseEvent, ARMulator function
12-90
RDILog, ARMulator function 12-85
ReadByte, ARMulator function 12-68
ReadClock, ARMulator function 12-19
ReadCycles, ARMulator function
12-20
ReadHalfWord, ARMulator function
12-68
Read-only attribute, AOF 15-11
ReadWord, ARMulator function 12-68
read, ARMulator function 12-34
Redirection 4-12
Reentrancy, TPCS 10-2
Reentrant attribute, AOF 15-11
Reentrant functions, APCS 9-13
Register
displaying in debugger 7-40
keyword 3-9
names, assembly 5-9
pairs 11-4
returning a structurein 3-8
variables 3-9
variables (global) 3-10
Register-relative
expressions 5-89
Register-relative labels 5-28
Relational operators, assembly 5-92
Relocatable object format, AOF 15-7
Relocating code
additive 6-42
based area 6-42
branch instructions 6-42
pc-relative 6-11, 6-41
Relocation directives
AOF areas 15-8, 15-13
inlinker 6-41
overview 15-14
Relocation list, AIF 13-4
Relocations, number, AOF header 15-8
Remote debug interface
and ARMulator 12-2, 12-3, 12-22,
12-24, 12-66, 12-83
Restartable AIF 13-4
Retargetting, ANSI Clibrary 4-8
Return codes, ARMulator functions

ARMul_BUSY 12-29, 12-30,
12-31, 12-32, 12-33
ARMuUl_CANT 12-29, 12-30,
12-31, 12-32, 12-33, 12-34,
12-35
ARMul_DONE 12-29, 12-30,
12-31, 12-32, 12-33, 12-34,
12-35
RFC floating-point instruction 11-9
RFS floating-point instruction 11-9
‘RIGHT: operator 5-91
RLIST directive 5-4, 5-6, 5-79
RN directive 5-80
Rogue Wave C++ library  3-35, 4-2,
4-3, 4-15, 4-16
HTML documentation 3-35, 3-36
licence 4-17
rebuilding 4-17
sublibraries 4-16, 4-17
‘ROL: operator 5-92
‘ROR: operator 5-92
Rounding 11-7
ROUT directive 5-28, 5-29, 5-39, 5-81
__rt_dloc 4-39
__rt_command_string 4-37
__rt_embeddedalloc _init 4-26
__rt_errno_addr 4-24
_rt exit 4-37
__rt_fp_status addr 4-25
_rt free 4-40
__rt_heapdescriptor 4-26
_rt malloc 4-39
_rt trap 4-23,4-38
RTTI 3-49
Runtime libraries
initializing 4-10
Runtime type identification, C++ 3-49

S

Save code pointer, APCS 9-11
scanf argument checking 3-3
Scatter load description file 6-23
areasyntax 6-26
content of 6-24
execution region syntax 6-26
execution regions  6-23
FIRST 6-28
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interworking veneers 6-29
LAST 6-28
load regions 6-23
syntax 6-25
obsolete features 6-31
OVERLAY 6-31
pseudo-attributes 6-28
ROOT 6-31
ROOT-DATA 6-31
sections 6-23
structure of  6-25
synonymsin 6-28
wildcards 6-27
+ character 6-27
Scatter loading 13-3
areamatching 6-29
area placement 6-9
binary images 6-14
linker command-line option 6-21
overview 6-21
section-related symbols  6-35
symbols defined by linker 6-21
+FIRST 6-9
+LAST 6-9
ScheduleCoreEvent, ARMulator
function 12-74
ScheduleEvent, ARMulator function
12-73
Search paths 2-17
ARMINC 2-9
Berkely UNIX 2-8
default 2-11
Kernighan and Ritchie 2-17
rules 2-8
specifying 2-17
Self-relocation, AIF 13-4
Semihosting
and ANSI C 4-2
ANSI Clibrary 4-7
disabling 7-56
enabling 7-56
SWI vector 7-56
SWisfor 7-56
SETA directive 5-7, 5-10, 5-26, 5-60,
5-69, 5-77, 5-82
SetConfig, ARMulator function 12-54
SetCPSR, ARMulator function 12-50
SETL directive 5-7, 5-10, 5-26, 5-61,
5-70, 5-77,5-83

SetMemSize, ARMulator function
12-23

SetNfig, ARMulator function 12-55

SetNirg, ARMulator function 12-55

SetNreset, ARMulator function 12-56

SetPC, ARMulator function 12-48
SetReg, ARMulator function 12-46
SetR15, ARMulator function 12-48

SETS directive 5-7, 5-10, 5-26, 5-62,

5-71,5-77,5-84

SetSPSR, ARMulator function 12-51

SFM floating-point instruction 11-9
Shift operators, assembly 5-92
:SHL: operator 5-92
Shorts
reading and writing 7-30
:SHR: operator 5-92
Sibling coprocessors  12-28
Side effects 3-5
Signal string, ANSI C  4-43
signed, C and C++ keyword 3-17
SIGSTAK 3-6
Single precision 11-6
Size of code and data areas 2-26
szet 3-17
softfp 11-3
Software interrupts 2-28, 3-7, 3-8
Source language modes
ANSI C 2-3,2-16
Cfront 2-16
C++ 2-3
fussy 2-16
PCC 2-3,2-17
Specifying
additional checks 2-32
compiler options 2-12

function declaration keywords 3-6

object alignment 2-29
preprocessor options 2-18
search paths 2-17
structure alignment  2-28
warning messages 2-29
Speed
and structure packing 3-11
of memory 2-26
Stack
overflow
and no_check_stack 3-6
Stack checking 3-6

Cand C++ 2-14
Stacks
backtrace, APCS 9-11, 9-20
backtrace, TPCS 10-4
chunk limit, APCS 9-9
chunked, TPCS 10-2
floating-point 11-10
limit, TPCS 10-4
overflow
APCS 9-22
TPCS 10-4,10-10
TPCS 10-4, 10-7
Standard C++ library 3-35
Standards
Cand C++ 2-2
Cfront 2-16
C++ implementation 3-35
C++ language support  3-49
C++ library implementation  3-35
Draft Standard C++ 3-43
Draft Standard C++ support  3-49
integral conversion, C and C++
3-35
variation from 2-3
State pointer, ARMulator 12-4
Static member constants, C++ 3-50
static, C and C++ keyword 3-21
$Statistics variable 12-67
$statistics variable 12-20
stc, ARMulator function 12-30
_ STDC__, Cand C++ macro 3-40
STF floating-point instruction 11-8
STM instruction 2-28, 5-4, 5-79
:STR: operator 5-90
Strict mode, see Fussy
Strictly conforming, APCS 9-6, 9-10
String
character sets 3-14
expressions, assembly 5-88
literals, assembly 5-88
literals, compilers 2-26
manipulation, assembly 5-91
sizelimits 3-43
string.h 4-21
table chunk, AOF 15-21
variable, assembly 5-26, 5-27
StrongARM1 3-5, 12-14
Structure alignment
pointers 2-29
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specifying 2-28
Structures, C and C++
dignment 3-20
bitfields 3-24
implementation 3-20
packed 3-24
packing 3-11
padding 3-21
struct, C and C++ keyword 3-20
Stubs, ARMulator 12-4
SUBT directive 5-85
SWI 2-28,3-7,3-8
HEAP_INFO 7-55
semihosting requests  7-56
SWIHandler, ARMulator function
12-56
Symbol attributes
see Attributes, AOF symbols
Symbol table chunk, AOF 15-7,15-14,
15-17,15-21
Symbolic debugger, see Debugger and
armsd commands
Symbols
area-related 6-36
assembly language 5-25
assembly language, Naming rules
5-25
case-sengitive matching  6-10
debugger 7-6
defining, C and C++ 2-18
displaying in debugger 7-34
high-level 7-59
Image$$ 6-21
linker 6-10, 6-34
low-level 7-59
matching 6-11
region-related 6-34
scatter loading 6-21
section-related  6-35
undefined 6-11
ZI 6-34
$$ 6-34
_sys close 4-31
_sys ensure 4-33
_gys flen 4-34
_9ys iserror 4-34
_sys istty 4-34
_sys open 4-31
_sys read 4-32

_Sys tmpnam 4-35
_9ys ttywrch 4-35
_sys write 4-33
System ID byte 11-15

T

Tail cals
APCS 9-18
optimization 3-5
TPCS 109
Target specific ANSI Clibrary 4-9
tcpp 2-2, 2-5, 2-18, 2-32, 3-7, 3-40
Templates, C++ 3-49
classtemplate partial speciaization
3-50
classtemplates 3-50
default template arguments  3-50
function templates 3-50
instantiation directive 3-50
member templates 3-50
specialization directive 3-50
Tentative declarations 2-27
These 12-14
Thumb code
interworking with ARM  2-15
Time stamps, ALF  14-7
Time, ARMulator function 12-77
ToolConf 12-5
ToolConf_Cmp, ARMulator function
12-6
ToolConf_L ookup, ARMulator
function 12-5
topcc 8-12
TPCS 10-1
argument list marshalling 10-7
argument passing 10-6
C language calling conventions
10-7
control arrival  10-5
control return 10-6
datarepresentation 10-6
floating-point 10-2
function entry 10-9
function exit 10-12
high registers 10-3
multipleinstantiation 10-2
non-simpletypes 10-8

reentrancy 10-2
registers 10-3
stack backtrace 10-4
stack limit  10-4, 10-10
stack overflow 10-4, 10-10
stacks 10-4, 10-7
stacks, chunked 10-2
tail calls 10-9
tracer.c 12-7, 12-67
Tracing, ARMulator 12-67
TransChangeUpcall, ARMulator
12-61
Trandator 8-12
Traphandlers, ANSI C 4-41
TTL directive 5-86
Type qualifiers 3-11
typeid, C++ keyword 3-49
typeinfo 4-16
typeinfo, C++ keyword 3-35
typename, C++ keyword 3-50

U

Unary operators, assembly 5-90
Unclean cast error  2-34
Undefining symbols, C and C++ 2-19
Underflow 11-3
union, C and C++ keyword 3-20
Universal character names, C++ 3-50
UnkRDIInfoUpcall, ARMulator 12-66
Unused thiswarning 2-32
Upcalls, ARMulator 12-7, 12-18,
12-57
armul_EventUpcall 12-89
ConfigChangeUpcall 12-62
ExceptionUpcall 12-65
ExitUpcall 12-59
handles 12-58
installing 12-58
InterruptUpcall 12-64
ModeChangeUpcall 12-60
removing 12-58
TransChangeUpcall 12-61
UnkRDlInfoUpcall 12-66
User functions, ARMulator 12-7
Using
C++ compilers 2-1
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Vv

valarray, C++ keyword 3-35
Variable declaration keywords 3-9
__globa_freg(n) 3-10
__globa_reg(n) 3-10
register 3-9
Variables
ARMLIB 6-38
changing value of 7-28
context information 7-46
context of 7-49
debugger 7-6, 7-36
EmbeddedICE  7-55
formatting 7-57
globa 7-49
high-level languages 7-49
multiple declarations of 7-49
namesof 7-49
source directory  7-29
specifying the activation of  7-50
$statistics 12-20
type information 7-46
$clock 7-54
$cmdline 7-29, 7-54
$echo 7-54
$examine lines 7-21, 7-54
$float_format 7-54
$format 7-36
$fpresult 7-54
$icebreaker_|lockedpoints 7-56
$inputbase 7-54, 7-58
$int_format 7-54
$list_lines 7-31, 7-54
$memory_statistics 7-54
$rdi_log 7-54
$result 7-55
$semihosting_arm_swi  7-56
$semihosting_enabled 7-56
$semihosting_thumb_swi  7-56
$semihosting_vector 7-56
$sourcedir 7-29, 7-55
$Statistics 12-67
$statistics  7-55
$statistics inc 7-55
$top_of_memory 7-55
$type lines 7-44, 7-55
$vector_catch 7-55
Variables, assembly 5-26

built-in 5-10
globa 5-60, 5-61, 5-62, 5-82, 5-83,
5-84
local 5-69, 5-70, 5-71, 5-82, 5-83,
5-84
substitution 5-27
Variadic functions, APCS 9-20
Variants
compilers 2-2
Veneer memory models 12-7, 12-8,
12-11
Viafiles 2-13, 4-9, 5-7, 6-10
and ANSI C rebuild 4-9
Virtual functions (C and C++) 3-20
volatile, Cand C++ keyword 3-5, 3-11,
3-13

w

Warning messages
specifying 2-29
Warning messages, compilers
assignment operator 2-30
bitfield typer 2-30
deprecated declaration 2-30
enabling warnings off by default
2-33
future compatibility 2-32
implicit constructor 2-31
implicit narrowing cast 2-31
implicit return  2-32
implicit virtual 2-31
inventing extern 2-30
lower precision 2-31
non-ANSI include 2-31
padding inserted in structure  2-32
specifying additional checks 2-32
suppressing all  2-29
unguarded header 2-30
unused this 2-32
watchpnt.c 12-7, 12-66
Watchpoints
clearing 7-45
setting  7-46
Watchpoints, ARMulator 12-66
wchar_t, C++ 3-50
Weak attribute, AOF 15-19
WEAK symbol 5-64

WEND directive 5-87
WEFC floating-point instruction 11-9
WEFS floating-point instruction 11-9
WHILE directive 5-30, 5-75, 5-87
Wide characters, C++ 3-50
Wildcards
debugger low-level symbols 7-34
scatter load description file 6-27
WriteByte, ARMulator function 12-69
WriteHafWord, ARMulator function
12-69
WriteWord, ARMulator function
12-69
write, ARMulator function 12-35

Z

Zero length array errors 2-35
Zero-initialised attribute 15-10
Zero-initialized areas

binary image 6-8, 6-14
Zero-initialized data  2-27
Zl symbols 6-34

Numerics
32-bit PC attribute, AOF 15-11

Symbols

I directive 5-67

#directive 5-31,5-35

$clock variable 7-54

$cmdline variable 7-29, 7-54

$echo variable 7-54

$examine linesvariable 7-21, 7-54

$float_format variable 7-54

$format variable 7-36

$fpresult variable 7-54

$icebreaker_lockedpoints variable
7-56

$inputbase variable 7-54, 7-58

$int_format variable 7-54

$list_linesvariable 7-31, 7-54

$memory_stetistics variable 7-54

$rdi_log variable 7-54
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$result variable 7-55
$semihosting_arm_swi variable 7-56
$semihosting_enabled varisble 7-56
$semihosting_thumb_swi variable
7-56

$semihosting_vector variable 7-56
$sourcedir variable 7-29, 7-55
$Statistics variable 12-67
$statistics variable 7-55, 12-20
S$statistics inc variable 7-55
$top_of _memory variable 7-55
$type linesvariable 7-44, 7-55
$vector_catch variable 7-55
$$ symbols 6-34
% directive 5-32, 5-36
& directive 5-47
* directive 5-57
+

in scatter load description file 6-27
= directive 5-46
[ directive 5-33
] directive 5-34
~directive 5-31, 5-35
| directive 5-34
[$5$$5$F|, language 5-39
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