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The C29x code generation tools support application development for next-generation TI C29x
processors from Texas Instruments. This is the only compiler toolchain for C29x processors.

This user’s guide documents the TI C29x Clang C/C++ Compiler Tools. The c29clang compiler
is based on the open source LLVM compiler infrastructure and its Clang front-end. c29clang uses
the TI Linker and C runtime, which provide additional benefits for stability and reduced code size.

Clang shell
(c29clang)

Clang G/C ++
front-end

LLVYM
optimizer + backend

LLVM assembler

Compiler runtime

Tl linker

Benefits of c29clang include:

» Excellent C standards support (default C17)

Excellent C++ standards support (default C++17)

Source-based code coverage

Support for migration from TI's C28x compiler (cl2000)

* Compiler security support with stack smashing detection

C29x security support to protect individual calls and frames

Ease of use with fast compiles and expressive diagnostic messages

GCC compatibility
Supported by CMake (3.29)
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Comprehensive documentation: Getting Started Guide, Migration Guide and Compiler Tools
User Manual

Benefits of using the TI linker and C runtime include:

Stability and flexibility, facilitating ongoing embedded differentiation for TI devices
Pairs with C runtime library, which is optimized for reduced code size
Linker portability — the same 71 linker and linker command files are used for C28x and C29x

Function specialization, minimizing code size on common functions, including printf, mem-
cpy, and memset

Support for C preprocessing directives in TI linker command files, such as #define, #include,
and #if/#endif

Copy Table support, allowing automatic copying of code/data during runtime
Initialized Data and Copy Table compression, reducing code size
Security features such as ECC and CRC

Segmented memory spaces, allowing section placement into multiple ranges as well as split
placement
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CHAPTER
ONE

C29CLANG GETTING STARTED GUIDE

This Getting Started Guide provides an introduction to the TI C29x Compiler toolchain, along with
examples that demonstrate how to use the c29clang compiler to compile and link source files to
create a simple application that can run on a C29x processor.

1.1 The c29clang Compiler Toolchain

The TI C29x Compiler Toolchain (c29clang) is Texas Instruments’ compiler for the next-
generation C29x processors. You can use the c29clang compiler toolchain to build applications
from C or C++ source files to be loaded and run on the C29x processors supported by the toolchain.

1.1.1 Toolchain Components

The c29clang compiler toolchain consists of many components. A brief description of the major
components is provided in the subsections below.

Essential Tools

* ¢c29clang

The C/C++ compiler, c29clang, is used to compile C and C++ source files. By default, it automat-
ically invokes the TI linker, c291Ink, which combines object files generated by the compiler with
object libraries to create an executable program that can be loaded and run on a C29x processor.

The ¢29clang compiler is derived from the open source Clang compiler and its supporting LLVM
infrastructure. You can find more details about Clang and LLVM at The LLVM Compiler Infras-
tructure site.

¢ ¢29Ink

The linker, ¢29Ink, is the proprietary linker provided by Texas Instruments. It combines object
files that are either compiler-generated or have been archived into one or more object libraries to
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create executable programs that can be loaded and run on a C29x processor. It is typically invoked
from the c29clang command line so that c29clang can implicitly set up the object library search
path and implicitly include runtime libraries in the link.

This is the same linker used by the TI C28x code generation tools, so linker command files used
for C28x applications are easy to migrate to use for C29x processors.

e ¢29ar

The archiver, c29ar, can be used to collect object files together into an object library or archive that
can be specified as input to the linker to provide definitions of functions or data objects that are not
otherwise available in the compiler generated object files that are input to the link. For example,
the standard C runtime library is an example of an object library that collects pre-built object files
that contain definitions of C runtime functions that are required by the language standard to be
provided with a C compiler toolchain like c29clang.

The archiver also provides a convenient way to collect logically related object files into an object
library that can be distributed as a product to provide capability for use in the development of
customer C29x applications.

Runtime Libraries

¢ libc

The libc library provides an implementation of the C standard runtime features and capabilities
that are to be provided as part of a C compiler toolchain.

¢ libc++abi and libc++

The libc++ library provides an implementation of the standard C++ library and depends on the
libc++abi library to provide implementations of low-level language features.

e compiler-rt

The compiler-rt runtime library helps to support the code coverage features in the c29clang com-
piler as well as providing an implementation of low-level target-specific functions that can be used
in compiler generated code.

Code Coverage Utilities

e ¢29cov

The ¢29cov tool shows code coverage information for programs that have been instrumented to
emit profile data.

* c29profdata

1.1. The c29clang Compiler Toolchain 4
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The profile data tool, c29profdata, is used to merge multiple profile data files generated by profile-
guided optimization instrumentation and merges them together into a single indexed profile data
file.

Object File Editing and Information Utilities

e c29dem

The C++ name demangler, c29dem, is a debugging aid that converts names that have been mangled
by the compiler back to their original names as declared in the C++ source code. The c29dem tool
can be used on a linker-generated map file that contains instances of C++ mangled names.

¢ ¢29libinfo

The c29libinfo command allows you to collect multiple versions of the same object file library,
each version built with a different set of command-line options, into a single index library file.
This index library file can then be used at link-time as a proxy for the actual object file library.

e c29nm

The name utility, c29nm, prints the list of symbol names defined and referenced in an object file,
executable file, or object library. It also prints the symbol values and an indication of each symbol’s
kind.

* c290bjcopy

The object copying and editing tool, c290bjcopy, can make a semantic copy of an input object
file to an output object file, but command-line options are available that allow parts of the input
object file to be edited before writing the result of the edit to the output file. For example, the
--strip-debug option can be used to remove all debug sections from the output.

* c290bjdump

The object file dumper utility, c290bjdump, can be used to print the contents of an object file. It is
commonly used to print out specific parts of the input object file using one of its available options.
For example, its -d option disassembles all text sections found in the input object file. For more
details about available options use c290bjdump’s --help option.

e c290fd

Like c290bjdump, the object file display utility, c290fd, can be used to print the contents of object
files, executable files, and object libraries. The output can be in text format or in XML. There
are also c29ofd options available to alter how text output is displayed and whether DWARF debug
information is to be included in the output.

e c29readelf

The GNU-style ELF object reader, c29readelf, can be used to display low-level format-specific
information about one or more object files. Like c290objdump and c29ofd, c29readelf provides

1.1. The c29clang Compiler Toolchain 5
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command-line options to allow you to display certain pieces of information from an object file like
relocation entries or section headers.

o ¢29size

The GNU-style size information utility, c29size, prints size information for binary files. The output
displayed will show the total size for text sections, for bss sections, and data section as well as a
grand total.

* ¢29strip

The c29strip tool can be used to strip sections and symbols from object files.

1.1.2 Software Development Flow

The source code for your application consists of some combination of:
* C source files (.c extension)
* C++ source files (.C or .cpp extension)

The compile and link part of your development flow will look something like this:

c29clang

c29clang ! c29Ink

Figure 1.1: Software Development Flow

Note that:
* c29clang interprets files with a .c extension as C source, invoking the compiler
* ¢29clang interprets files with a .C or .cpp extension as C++ source, invoking the compiler

All of the object files generated (.0 extension) are then combined by the linker and linked against
any applicable runtime libraries to create an executable output file that can be loaded and run on a
TI C29x processor.

1.1. The c29clang Compiler Toolchain 6



C29 Clang Compiler Tools User Guide, Release v1.0.0.LTS

1.2 Using the c29clang Compiler and Linker

1.2.1 Using the Compiler and Linker

Both the TI C29x Clang (c29clang) Compiler Tools’ compiler and linker can be invoked from
the c29clang command-line. The following subsections describe the basics of how to manage the
compile and link steps of building an application from the c29clang command-line.

Compiling and Linking

The default behavior of the c29clang compiler is to compile specified C and C++ source files into
temporary object files, and then pass those object files along with any explicitly specified object
files and any specified linker options to the linker.

c29clang [options] [source file names] [object file names] [-W1,
—<linker options>]

In the following example, assume that the C code in filel.c references a data object that is defined
in an object file named file2.0. The specified c29clang command compiles filel.c into a temporary
object file. That object file, along with file2.0 and a linker command file, link_test.cmd, are sent
to the linker and linked with applicable object files from the c29clang runtime libraries to create
an executable output file named test.out:

c29clang -mcpu=c29.c0 filel.c file2.0 -o test.out -Wl,link_test.
—cmd

Note that there is no mention of the c29clang runtime libraries on the ¢29clang command-line
or inside the link_test.cmd linker command file. When the linker is invoked from the ¢29clang
command-line, the c29clang compiler implicitly tells the linker where to find applicable runtime
libraries, such as the C runtime library (libc.a).

In the above c¢29clang command-line, the -WI, prefix in front of the specification of the
link_test.cmd file name indicates to the compiler that the link_test.cmd file should be sent di-
rectly to the TI linker (you can also use the -Xlinker prefix for this purpose).

Compiling and Linking with Verbose Linker Output

If you add the verbose (-v) option to the above ¢29clang command, you will see exactly how the
linker (¢29Ink) is invoked and with what options. For example, this command:

c29clang —mcpu=c29.c0 =v filel.c file2.0 =-o test.out -Wl,link_
~test.cmd

shows the following with regards to how the ¢29Ilnk command is invoked by the c29clang compiler:

1.2. Using the c29clang Compiler and Linker 7
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<install directory>/bin/c291lnk -I<install directory>/1lib

-0 test.out /tmp/filel-98472f.o0 file2.0 link_test.cmd
——start—-group -llibc++.a —-llibc++abi.a -llibc.a -llibsys.a
—llibsysbm.a -llibclang rt.builtins.a —-llibclang rt.profile.a --
—end-=group

In the above invocation of the linker, the compiler inserts a -I<install directory>/lib option, which
tells the linker where to find the c29clang runtime libraries. The compiler also inserts the --start-

group/--end-group option list, which specifies exactly which runtime libraries to incorporate into
the link.

Compiling Only

You can avoid invoking the linker by specifying the -¢ option on the ¢29clang command-line.

c29clang —c [options] [source file names]

The following example generates object files filel.o and file2.0 from the C files filel.c and file2.c,
respectively:

c29clang —=c -mcpu=c29.c0 filel.c file2.c

Link-Only Using c29clang

When only object files are specified as input to the c29clang compiler command, the compiler au-
tomatically passes those files to the linker along with any other specified options that are applicable
to the link.

c29clang [options] [object file names] [-W1l,<linker options>]

As in the default case of “Compiling and Linking” described above, a -WI, or -Xlinker prefix must
be specified in front of options that are intended for the linker. This example ¢29clang command:

c29clang —mcpu=c29.c0 filel.o file2.0 -o test.out -Wl,link_test.
—cmd

invokes the linker as follows:

<install directory>/bin/c291nk —-I<install directory>/1lib

-0 test.out filel.o file2.0 link_test.cmd

——start—-group -llibc++.a —-llibc++abi.a -llibc.a -llibsys.a
—llibsysbm.a -llibclang rt.builtins.a —-llibclang rt.profile.a --
—end=group

1.2. Using the c29clang Compiler and Linker 8
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As in the “Compiling and Linking” case, the compiler inserts a -I<install directory>/lib option
that tells the linker where to find the c29clang runtime libraries. The compiler also inserts the
--start-group/--end-group option list that specifies exactly which runtime libraries are incorporated
into the link.

1.2.2 Useful Compiler Options

The commonly used options listed in the subsections below are available on the c29clang compiler
command-line.

Processor Options

* -mcpu - select the target processor version
The c29clang compiler supports the following C29x processor variant:
* -mcpu=c29.cl

If an -mcpu variant is not specified on the ¢29clang command-line, the compiler assumes a default
of -mcpu=c29.c0.

Endianness

C29x devices are little-endian.

Floating-Point Support Options

Native support for 32-bit floating-point operations is always provided for C29x. Optionally, you
can also enable 64-bit hardware instructions for floating-point operations using the -mfpu option,
which can have either of the following settings:

* -mfpu=none - Use native 32-bit floating-point hardware operations, but emulate 64-bit
floating-point operations in software.

* -mfpu=f64 - Use native 32-bit and 64-bit floating-point hardware operations.

1.2. Using the c29clang Compiler and Linker 9
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Include Options

The c29clang compiler utilizes the include file directory search path to locate header files that are
included by a C/C++ source file via #include preprocessor directives. The c29clang compiler im-
plicitly defines an initial include file directory search path to contain directories relative to the tools
installation area where C/C++ standard header files can be found. These C/C++ standard header
files are considered part of the c29clang compiler package and should be used in combination with
linker and the runtime libraries that are included in the c29clang compiler tools installation.

e I<dir>

The -I option allows you to add your own directories to the include file directory path,
allowing user-created header files to be easily accessible during compilation.

Predefined Symbol Options

In addition to the pre-defined macro symbols that the c29clang compiler defines depending on
which processor options are selected, you can also manage your own symbols at compile-time
using the -D and -U options. These options are useful when the source code is configured to
behave differently based on whether a compile-time symbol is defined and/or what value it has.

¢ -D<name>[=<value>]

A user-created pre-defined compile symbol can be defined and given a value using the -D
option. In the following example, MySym is defined and given a value 123 at compile-time.
MySym will then be available for use during the compilation of the test.c source file.

c29clang -mcpu=c29.c0 -DMySym=123 —c test.c

¢ -U<name>

The -U option can be used to cancel a previous definition of a specified <name> whether it
was pre-defined implicitly by the compiler or with a prior -D option.

Optimization Options

To enable optimization passes in the c29clang compiler, select a level of optimization from among
the following -O[0I11213Iglslz] options. In general, the options below represent various levels of
optimization with some options designed to favor smaller compiler-generated code size over per-
formance, while others favor performance at the cost of increased compiler-generated code size.

Among the options listed below, -Oz is recommended as the optimization option to use if small
compiler-generated code size is a priority for an application. Using -Oz retains performance gains
from many of the -O2 level optimizations that are performed.

* -O0 - No optimization. This setting is not recommended, because it can make debugging
difficult.

1.2. Using the c29clang Compiler and Linker 10
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-O1 or -O - Restricted optimizations, providing a good trade-off between code size and
debuggability.

-02 - Most optimizations enabled; some optimizations that increase code size are disabled.
-O3 - All optimizations available at -O2 plus others that are likely to increase code size.

-Og - Restricted optimizations while preserving debuggability. All optimizations available
at -O1 are performed with the addition of some optimizations from -O2.

-Os - All optimizations available at -O2 plus additional optimizations that are designed to
reduce code size while mitigating negative impacts on performance.

-Oz - All optimizations available at -O2 plus additional optimizations to further reduce code
size with the risk of sacrificing performance.

Note:

Optimization Option Recommendations:
The -O1 option is recommended for maximum debuggability.
The -Oz option is recommended for optimizing code size.

The -O3 option is recommended for optimizing performance, but it is likely to increase
compiler-generated code size.

Debug Options

The c29clang compiler generates DWARF debug information when the -g or -gdwarf-3 option is
selected.

-g or -gdwarf-3 - emit DWAREF version 3 debug information

Control Options

Some c29clang compiler options can be used to halt compilation at different stages:

-c - stop compilation after emitting compiler-generated object files; do not call linker

-E - stop compilation after the pre-processing phase of the compiler; this option can be used
in conjunction with several other options that provide further control over the pre-processor
output:

— -dD - print macro definitions in addition to normal preprocessor output
— -dI - print include directives in addition to normal preprocessor output

— -dM - print macro symbol definitions instead of normal preprocessor output

1.2. Using the c29clang Compiler and Linker 11
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* -S - stop compilations after emitting compiler-generated assembly files; do not call assembler
or linker

Compiler Output Option

o -o<file>

The -0 option names the output file that results from a ¢29clang command. If c29clang is
used to compile and link an executable output file, then the -0 option’s <file> argument
names that output file. If no -0 option is specified in a compile and link invocation of
c29clang then the linker will produce an executable output file named a.out.

If the compiler is used to process a single source file, then the -0 option will name the output
of the compilation. This is sometimes useful in case there is a need to name the output file
from the compiler something other than what the compiler will produce by default. In the
following example, the output object file from the compilation of C source file task_42.c is
named task.o by the -0 option, replacing the task_42.0 that would normally be generated by
the compiler:

c29clang -mcpu=c29.c0 -c task_42.c -o task.o

Source File Interpretation Option
The c29clang compiler interprets source files with a recognized file extension in a predictable
manner. The recognized file extensions include:

e .c - Csource file

* .Cor.cpp - C++ source file

The c29clang compiler also supports a -x <language> option that permits you to dictate how
subsequent input files on the command-line are to be treated by the compiler. This can be used
to override default file extension interpretations or to instruct the compiler how to interpret a file
extension that is not automatically recognized by the compiler. The following <language> types
are available with the -x option:

* -x none - reset compiler to default file extension interpretation
* -X ¢ - interpret subsequent input files as C source files

* -X c++ - interpret subsequent input files as C++ source files

Note: The -x<language> option is position-dependent. A given -x option on the c29clang
command-line will be in effect until the end of the command-line or until a subsequent -x op-
tion is encountered on the command-line.

1.2. Using the c29clang Compiler and Linker 12
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1.2.3 Linker Options
Link-Step File Search Path Options

Similar to the way that the c29clang compiler utilizes the include file directory search path to locate
a header files during compilation, the linker uses the object file directory search path to help locate
object libraries and object files that are input to the link step. As mentioned above, the c29clang
compiler implicitly defines an initial object file directory search path to contain directories relative
to the tools installation area where runtime libraries can be found. The following options can be
used to help users manage where and how user-created object files and libraries are managed in
the link step:

» --search_path=<dir> or -I<dir> - add specified directory path to the object file directory
search path

* --library=<file> or -I<file> - use object file directory search path to locate specified object
library or object file

Basic Linker Options

Listed below are some of the basic options that are commonly used when invoking the linker.
They can be specified on the command-line or inside of a linker command file. The c29clang
tool’s linker is nearly identical to the linker in the proprietary TI compiler toolchain. You can find
more information about linker options in Linker Options.

* --map_file=<file> or -m<file> - emit information about the result of a link into the specified
map <file>

* --output_file=<file> or -o<file> - emit linked output to specified <file>

* --args_size=<size> or --args=<size> - reserve <size> bytes of space to store command-line
arguments that are passed to the linked application

» --heap_size=<size> or --heap=<size> - reserve <size> bytes of heap space to be used for
dynamically allocated memory

 --stack_size=<size> or --stack=<size> - reserve <size> bytes of stack space for the run-time
execution of the linked application

1.2. Using the c29clang Compiler and Linker 13
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Specifying Linker Options on the c29clang Command-Line

As noted in a few of the above examples, when invoking the linker from the ¢29clang com-
mand, options that are to be passed directly to the linker must be preceded with a -WI1, (note
that the comma is required) or -Xlinker prefix. In this example, the c29clang compiler passes the
link_test.cmd linker command file directly to the linker:

c29clang -mcpu=c29.c0 filel.c file2.0 =-o test.out -Wl,link_test.
—cmd

The ¢29clang command line provides the following ways to pass options to the linker:

* The -WI, option passes a comma-separated list of options to the linker. (A comma after -WI
is required.)

* The -Xlinker option passes a single option to the linker and can be used multiple times on
the same command line.

* A linker command file can specify options to pass to the linker.

For example, the following command line passes several linker options using the -W]1, option:

c29clang —-mcpu=c29.c0 hello.c =0 a.out -Wl,-stack=0x8000,=-=ram_
—model, link_test.cmd

The following command line passes the same linker options using the -Xlinker option instead:

c29clang —mcpu=c29.c0 hello.c —o a.out —-Xlinker -stack=0x8000 -
—~Xlinker —--ram_model -Xlinker link_test.cmd

The following lines from a linker command file, pass the same linker options to the linker:

-stack 0x8000
——ram_model

—

1.2. Using the c29clang Compiler and Linker 14
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1.2.4 Runtime Support

Predefined Macro Symbols

The c29clang compiler pre-defines compile-time macro symbols for use in source to help distin-
guish code written particularly for C29x, for a specific C29x processor variant, or to be compiled
by the c29clang compiler (as opposed to other C29x compilers) from other source code.

The c29clang compiler pre-defines several TI-specific and C29-specific pre-defined macro symbols
that can be used to distinguish the use of the c29clang compiler from other C29x compilers. These
include:

_ti 1 — identify compiler vendor as TI
__ti_major_ 1 — identify major version number
_ ti minor 0 — identify minor version number
_ ti patchlevel__ 0O — identify patch version number
___ti version__ 10000 = (__ti_major_ *10000)+(_ti_minor_
—+%100)+__ti_patchlevel

_ _C29_ARCH_ 0

_ C29_cCO__ 1

_ _C29 _OPTF64 1

_ C29_ 1

__c29_ 1

See TI-Specific Pre-Defined Macro Symbols for more about these macro symbols.

For a complete list of pre-defined macro symbols that are defined by the c29clang compiler for a
given compilation, the processor options can be combined with the -E -dM preprocessor option
combination. This will instruct the compiler to run only the preprocessor pass of the compilation
and emit the list of pre-defined macro symbols that are defined along with their values to stdout.

Header Files

The header files provided with the installation of the c29clang compiler tools must be used when
using functions from any of the runtime libraries provided with the tools installation. These include
the C and C++ standard header files. The c29clang compiler implicitly defines the initial include
file directory search path so that these header files are accessible during a compilation.

1.2. Using the c29clang Compiler and Linker 15
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Runtime Libraries

When linking an application containing object files that were generated by the c29clang compiler,
the appropriate c29clang runtime libraries must be included in the link so that references to func-
tions and data objects that are defined in the runtime libraries can be properly resolved at link
time.

When the ¢29clang command is used to invoke the linker, the compiler implicitly defines the
initial object file directory search path to contain directories relative to the tools installation area
where runtime libraries can be found. The c29clang compiler also implicitly adds the following
--start-group/--end-group option list to the linker invocation:

——start—group -llibc++.a —-llibc++abi.a -llibc.a -1llibsys.a
—llibsysbm.a =-llibclang_rt.builtins.a —-llibclang rt.profile.a --
—end=group

This option list instructs the linker to search among the list of specified runtime libraries for defini-
tions of unresolved symbol references. When a definition of a function or data object that resolves
a previously unresolved reference is encountered, the section containing the definition is pulled
into the link from the runtime library where it is defined. If new unresolved symbol references
are introduced while this process is in progress, the libraries are re-read until no further needed
definitions can be found among the --start-group/--end-group list of runtime libraries.

There are several different runtime library configurations supported in the c29clang compiler
toolchain. An application built using the c29clang compiler tools must use a combination of target
options that is compatible with one of the following configurations:

1.3 Creating a Simple Application with the c29clang Com-
piler Tools

This section of the Getting Started Guide provides an example of how to build a simple application
using the c29clang command-line interface. In addition, it provides a walk-through of how to build
a simple application in a Code Composer Studio project that uses the c29clang compiler.

1.3.1 Source Files

The subsections below describe how to build a simple “Hello World!” program using either the
c29clang command-line interface or the Code Composer Studio (CCS) development environment.
For the purposes of these tutorial examples, it is assumed that you have a C source file containing
the following C code:

1.3. Creating a Simple Application with the c29clang Compiler Tools 16
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int main() {
printf ( ) 7
return O;

It is also assumed that you have at your disposal a linker command file that provides a specification
of the available memory and how to place compiler/linker generated output sections in that mem-
ory. For example, in the tutorials below, the following linker command file, named Inkme.cmd,
could be used:

-C
-stack 0x8000

—heap 0x2000

—

MEMORY

{
ROM : org = 0x00000020 len = O0x2FFFEOQ
FLASH : org = 0x10000000 len = 0x300000
RAM : org = 0x18000000 len = 0x300000

(continues on next page)
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(continued from previous page)

SECTIONS
{
.text : {} > RO_CODE .
) .cinit : {} > RO_DATA L
: .const : {} > RO_DATA o
B .pinit : {} > RO_DATA ,
.data : {} > RW_DATA o
) .bss : {} > RW_DATA g
B .stack : {} > RW_DATA o
: .sysmem : {} > RW_DATA o

1.3.2 Compile and Link Using Command-Line

You can use a single command line to compile your source files and link against C/C++ runtime
libraries to create an executable file. By default, the c29clang compiler will compile and attempt
to link compiler generated object files with runtime libraries. If you only want to compile your
source files into object files without linking, the c29clang -c option can be added to the command
line.

If you were building the “Hello World!” example program, you could use the a command like the
following:

%> c29clang —mcpu=c29.c0 hello.c —o hello_world.out —=Xlinker -
—~1llnkme.cmd —-Xlinker —-mhello_world.map

When the c29clang compiler runs, it implicitly adds the directories where the C/C++ runtime
header files are installed to the include file directory search path. Likewise, when the linker is
invoked by c29clang, it implicitly adds the directories where the C/C++ runtime libraries are in-
stalled to your library file directory search path. In addition, the linker implicitly includes the list of
applicable C/C++ runtime libraries into a link to resolve references to C/C++ runtime and built-in
functions and data objects.
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The above command produces an executable file, hello_world.out, which can be loaded and run on
the appropriate C29x processor.

1.3.3 Compile and Link Using Build Automation Tools

You can use build systems to automate the command line compilation and linking steps. Supported
build systems include GNU Make and CMake (v3.29 or higher).

For example, the following CMakeLists.txt file contains the directives required to use CMake to
build a sample c29clang application:

cmake_minimum_required (VERSION 3.29) # Minimum version for,
—c29clang support

set (CMAKE_SYSTEM_NAME Generic) # Inform cmake of cross—-compiling

# find c29clang in execution path
find_program (CMAKE_C_COMPILER c29clang)

# or set path to c29clang explicity
#set (CMAKE_C_COMPILER /Users/ti/ti-cgt-c29_1.2.0.LTS/bin/
—~c29clang)

project (DDREyeFirmware C)

add_compile_options (-mcpu=c29.c0)
add_compile_options (-0z -g)

(lib/uart_lib/inc)

(lib/uart_lib/src)
include_directories (lib/pattern_gen_lib/inc)
include_directories (lib/pattern_gen_lib/src)

include_directories
include_directories

add_link_options (LINKER:—--ram_model)
add_link_options (LINKER:--warn_sections)
add_link_options (${CMAKE_SOURCE_DIR}/linker.cmd)

add_executable (app

(continues on next page)
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(continued from previous page)

main.c

lib/uart_lib/src/uartConsole.c
lib/uart_lib/src/uartStdio.c
lib/uart_lib/src/uart.c
lib/pattern_gen_lib/src/pattern_gen_lib.c)

1.3.4 Compile and Link Using Code Composer Studio

If you use CCS as your development environment, the compiler and linker option are automatically
set for you when you create a project. The build settings that are created when the project is created
determine which compiler and linker command-line options are used to build the project and can
be adjusted as needed.

To create and build the “Hello World!” example as a CCS project, follow these steps:

1) Create a project
1.1) Choose File > New > CCS Project from the “File” tab

1.2) In the “New CCS Project” wizard, if you are compiling for a specific TI C29x
processor, then you can select the processor from the Target drop-down menus.
For the purposes of this tutorial, the “C29 Device” setting was selected in the
right-hand side Target drop-down menu.

1.3) In the Project name field, type a name for the project. For the purposes of
this tutorial, we’ll refer to the project name “hello_world”.

1.4) In the Compiler version drop-down menu, select the c29clang compiler that
you have installed.

1.5) Expand the Project type and tool-chain section, then select the device endi-
anness. For this tutorial, a little-endian device is assumed.

1.6) Expand the Project templates and examples section, then select a template
for your project. For this tutorial, the “Empty Project” template is assumed.

1.7) Click Finish. A new project, “hello_world”, will be added to your current
workspace.

2) Add source files

2.1) Left click on the “hello_world” project in the current workspace to make it
the active project.

2.2) Right-click on the “hello_world” project, then select Add Files...” from the
drop-down menu. You can then browse to find a C source file containing the code
described in “Source Files” subsection above. When the source file is found and
selected in the Add files to hello_world pop-up browser, clock on Open and then
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copy the file into the project. For this tutorial, the source file name is assumed to
be “hello.c”.

2.3) Repeat step 2.3 to find and copy an appropriate linker command file to be
used in the project. For this tutorial, a linker command file named “Inkme.cmd”
is assumed.

3) Open and adjust project build settings as needed

3.1) Right-click on the “hello_world” project, then select Show Build Settings...
or Properties from the drop-down menu.

3.2) In the Properties for hello_world pop-up dialog box, walk through the cat-
egories along the left-hand side of the dialog and make necessary adjustments in
each category:

3.2.1) In the General category, check that the proper compiler version,
Device endianness, and Linker command file are selected

3.2.2) In the C29 Compiler > Processor Options category, select the
appropriate options from each of the drop-down menus in the Processor
Options window.

3.2.3) Further adjustments to other categories are not necessary for the
purposes of this tutorial.

3.2.4) When adjustments to the Properties for hello_world are com-
plete, click on Apply and Close

4) Build the project

4.1) Right-click on the “hello_world” project, then select Build Project from the
drop-down menu.

4.2) As CCS runs the compiler and linker commands, the project build progress
will appear in the CCS Console window, with a resulting output file named
“hello_world.out”. This .out file can then be loaded and run on an appropriate
TI C29x processor. The resulting .out file can be loaded and run on the appropri-
ate TT C29x processor.
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CHAPTER
TWO

TI C28X TO C29CLANG MIGRATION GUIDE

This Migration Guide addresses tasks required and issues encountered when porting your existing
TI C28x (c12000) application to c29clang.

The following components of a TI C28x application need modification when migrating to
c29clang:

* CCS project (see Migrating cl2000 CCS Projects to c29clang)

Build options (see Migrating Command-Line Options)

C/C++ source code for c12000 compiler (see Migrating C and C++ Source Code)

C/C++ source code for CLA compiler (see Migrating CLA Code)

Linker command file (see Migrating Linker Command Files for Use With c29clang)

TI C28x assembly code (see Migrating Assembly Language Source Code)

Note: COFF to EABI Migration: Only EABI output is supported for TI C29x. If your TI C28x
application has COFF output files, you should first migrate from TI C28x COFF output to TT C28x
EABI output before migrating to TT C29x. For information, see C2000 Migration from COFF to
EABL

The following migration aids can help you address issues when converting an existing c12000
project to use the c29clang compiler:

* Clang-Tidy Tool: The c29clang-tidy tool diagnoses changes that need to be made to ap-
plication code in order to migrate it from TI C28x to c29clang. The c29clang-tidy tool
is a clang-based utility for diagnosing and fixing issues in a C/C++ application. It can be
run from the command line or from within CCS. For more about using c29clang-tidy, see
Migrating Source Code with Clang-Tidy.

* C/C++ Source Code Diagnostics: The c29clang compiler diagnostics can help you find
proprietary TI pre-defined macro symbols, pragmas, and intrinsics that need to be converted.
For more information, see C/C++ Source Migration Aid Diagnostics.
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* CCS Project Migration: For help converting the build options for an existing c12000 CCS
project to use the c29clang compiler, see Migrating cl2000 CCS Projects to c29clang.

Contents:

2.1 Main Differences Between cl2000 and c29clang

This section of the Migration Guide describes the primary differences between the c12000 compiler
tools and the TI C29x Clang (c29clang) Compiler Tools.

For more information about the differences introduced below, see the following subsections:

2.1.1 C/C++ and Assembly Language Differences

The TI C29x Clang (c29clang) Compiler Tools do not support proprietary TI-specific C/C++ mech-
anisms that the TI C28x compiler (c12000) did. This section provides further details about the
c29clang compiler’s behavior regarding proprietary TI-specific C/C++ mechanisms.

C/C++ Source Code: Macro Symbols, Pragmas, and Intrinsics

The c29clang compiler does not support many of the proprietary TI pre-defined macro symbols,
pragmas, or intrinsics that are supported in the TI C28x compiler. Use of such proprietary pre-
defined macro symbols and intrinsics should be replaced by a functionally equivalent alternative.

Rather than using proprietary TI-specific pragmas (such as CODE_SECTION, DATA_SECTION,
and LOCATION), you should use function, variable, and type attributes where applicable. For
example, instead of defining a function in a specially named section using the CODE_SECTION
pragma:

void my_func (void) {
<code>

}

you can use a section attribute instead:

void my_func(void) __ _attribute__ ((section( 1)) |
<code>

}

Please see the C/C++ Source Migration Aid Diagnostics section in the Migrating C and C++
Source Code chapter for details on how instances of these proprietary TI mechanisms can be found
and converted into a portable form that the c29clang compiler does support.
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CLA Source Code

The TI C29x Clang (c29clang) Compiler Tools do not have a separate CLA compiler. Convert code
intended for the TI C28x CLA compiler to regular C code. See Migrating CLA Code for details.

Assembly Source Code

Use of assembly language is discouraged for c29clang, except for assembly code embedded in
C/C++ source files via asm() statements, which are processed inline by the c29clang integrated
GNU-syntax assembler.

For more information on migrating assembly source code from proprietary applications, please see
the Migrating Assembly Language Source Code chapter of this migration guide.

2.1.2 Development Flow Differences

There are a few significant differences in terms of development flow behavior when migrating from
the TI C28x compiler to the c29clang compiler. These include the following:

* The linker is invoked automatically by default by the compiler.

The c29clang compiler invokes the linker automatically by default, whereas the TI C28x
compiler must be told to invoke the linker via the cI2000’s --run_linker (-z) option. Further
details about how to manage the linker invocation from the c29clang command-line can
be found in the Using the c29clang Compiler and Linker section of the c29clang Getting
Started Guide.

* The interlist option is not supported on the compiler command line.

Unlike the TI C28x compiler, which provides -s, -ss, and -0s options to instruct the com-
piler to generate an interlisted assembly source file, the c29clang does not support an in-
terlisting option on the compiler command-line. Instead, when a C/C++ source file is com-
piled with debug enabled, the c290bjdump utility can be used with its -S option on the
compiler-generated object file to produce disassembled object code with C/C++ source lines
interlisted.

* Altering the file extension of generated files is not supported on the compiler command
line.

The c29clang compiler does not support options to alter the file extension of compiler-
generated files. For more details about which TI C28x options do not have analogous
c29clang options, please see the Migrating Command-Line Options chapter of this migration
guide.

* Compilation stops after generating assembly source if the -S option is specified.
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The c29clang compiler supports a -S option that allows you to keep the compiler-generated
assembly file, but unlike the c12000’s -k option, the c29clang’s -S option causes the compiler
to halt immediately after generating the assembly file. When -S is used, an object file is not
created by the compiler.

2.1.3 Binary Utility Differences

There are several differences in the behavior of the asm() statement and binary utilities used for
C++ name demangling, symbol name listing, and disassembly. These differences are described
here.

Inlining Functions that Contain asm() Statements
The c29clang compiler allows a function containing an asm() statement to be considered for inlin-
ing. The TI C28x compiler does not allow a function containing an asm() statement to be inlined.

If an asm() statement in a function contains the definition of a symbol, then you should strongly
consider applying a noinline attribute to the function that contains such an asm() statement.

For example, consider the following function definition:

void func_a () {

asm ( )i

}

The above function contains a definition of a_label. The TI C28x compiler does not allow any
function that contains an asm() statement to be inlined. Thus, in the above example, the TT C28x
compiler would not attempt to inline func_a in any other function that references func_a.

The c29clang compiler behavior with respect to functions that contain asm() statements is different
from the TI C28x compiler. The c29clang compiler allows functions containing asm() statements
to be considered for inlining where those functions are referenced. If a function contains an asm()
statement that defines a symbol and is inlined multiple times in the same compilation unit, this can
cause the c29clang compiler to emit a “symbol multiply defined” error diagnostic.

Consider that the above definition of func_a is in the same compilation unit as another function,
func_b:

void func_ b () {

func_a () ;

func_a () ;

(continues on next page)
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(continued from previous page)

}

If the c29clang compiler decides that it is beneficial to inline func_a where that function is refer-
enced in func_b, the result is multiple definitions of the label a_label and the c29clang compiler
emits an error diagnostic.

You can prevent the c29clang compiler from inlining a function by applying a noinline attribute to
the function in question. For example, you could rewrite func_a as follows:

___attribute_ ((noinline))
void func_a () {

asm ( )7

}

This adjustment to the definition of func_a prevents func_a from being inlined anywhere where it
is referenced and avoid any potential of defining a_label multiple times in the same compilation
unit.

Updated C++ Name Demangler Utility (c29dem)

The TI C29x Clang (c29clang) Compiler Tools include an LLVM-based version of the C++ Name
Demangler Utility (c29dem). While the LLVM-based version of this utility is functionally equiv-
alent to the TT C28x compiler tools’ version, the command-line interface for the new version is
different from the TI C28x version.

The C++ name demangler (c29dem) is a debugging aid that translates C++ mangled names to their
original name found in the relevant C++ source code. The c29dem utility reads in input, looking
for mangled names. All unmangled text is copied to output unaltered. All mangled names are
demangled before being copied to output.

The syntax for invoking the C++ name demangler provided with c29clang is:

c29dem [options] <mangled names ...>

* options - affect how the name demangler behaves. The c29dem utility is derived from the
LLVM project’s llvm-cxxfilt tool. To display a list of available options, use the help option
(-h), c29dem -h. You can also refer to the LLVM project’s llvm-cxxfilt page for more
information.

* mangled names ... - if no names are specified on the command-line, names are read inter-
actively from the standard input stream.
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By default, the C++ name demangler writes output to stdout. You can pipe the output to a file if
desired.

Differences between the TI C28x version of the C++ name demangler and the c29clang version of
the C++ name demangler are as follows.

Processing Text Input

Unlike the TT C28x version of the C++ name demangler, the c29clang version of c29dem does not
process a text file specified as an argument to c29dem. Assuming that test.s is a compiler generated
assembly file, you cannot specify test.s as an argument to c29dem. Instead, you can pipe the text
file as input to the c29dem utility as follows:

c29dem < test.s

or

cat test.s | c29dem

Saving Output to a File

The T1 C28x version of the C++ name demangler supported an “--output-file” option that allowed
you to write the output of the c29dem utility to a file. The c29clang version of c29dem does not
support a --output option. Instead, the output can be redirected to a file like so:

cat test.s | c29dem > c29demout

No ABI Option Needed

The TI C28x version of the C++ name demangler required that an --abi=eabi option be specified in
order to demangle C++ names that are generated by the c29clang compiler. The c29clang version
of c29dem assumes EABI and no ABI option is needed to process c29clang compiler generated
C++ mangled names.
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Updated Name Utility (c29nm)

The TI C29x Clang (c29clang) Compiler Tools include an LLVM-based version of the Name Ultil-
ity (c29nm). While the LLVM-based version of this utility is functionally equivalent to the TI
C28x compiler tools’ version, the command-line interface for the new version is different from the
TI C28x version.

The name utility (c29nm) prints the list of symbol names defined and referenced in an object file,
executable file, or object library. It also prints the symbol value and an indication of the symbol’s
kind.

The syntax for invoking the name utility is:

c29nm [options] <input files>

* options - affect how the name utility behaves. The c29nm utility is derived from the LLVM
project’s llvm-nm tool. To display a list of available options, use the help option (-h), ¢29nm
-h. You can also refer to the LLVM project’s llvm-nm page for more information.

* input files - an input file can be an object file, an executable file, or an object library

The output of the name utility is written to stdout. You can also elect to pipe the output to a file or
as input to the C++ name demangler.

Differences between the TI C28x version of the C++ name utility and the c29clang version of the
C++ name utility are as follows.

Symbol Kind Annotations

In the output from the ¢29nm utility, symbol names are annotated with an indication of their kind.
The c29clang version of the c29nm utility uses the following list of annotation characters to repre-
sent the different symbol kinds:

* a, A - absolute symbol
* b, B - uninitialized data (bss) object

* C - common symbol

d, D - writable data object

n - local symbol from a non-alloc section

N - debug symbol or global symbol from a non-alloc section

r, R - read-only data object

t, T - code (text) object

u - GNU unique symbol
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U - named object is undefined in this file

v - undefined weak object symbol

V - defined weak object symbol

? - something unrecognizable

Debug Symbol Names

The TI C28x version of the name utility would include debug symbol names in the output. How-
ever, to include debug symbols in the output of the c29clang version of ¢29nm, you must specify
the ¢29nm’s --debug-syms option on the command-line.

Functionally Equivalent Option Mappings

Several of the options available in the TI C28x version of the name utility now have functionally
equivalent options with different syntax in the c29clang version of the c29nm utility. Below is a list
of option mappings where the TI C28x’s nm2000 option syntax is specified first and the c29clang’s
¢29nm option syntax is specified second:

KEY: TI C28x nm2000 option syntax -> TI C29x ¢29nm option syntax - description
e --all -> --debug-syms - print all symbols
* --prep_fname -> --print-file-name - prepend file name to each symbol
* --undefined -> --undefined-only - only print undefined symbols
* --sort:value -> --numeric-sort - sort symbols numerically rather than alphabetically
* --sort:reverse -> --reverse-sort - sort symbols in reverse order
 --global -> --externs-only - print only global symbols

* --sort:none -> --no-sort - don’t sort any symbols

Options No Longer Supported

The TI C28x version of the name utility supported several command-line options that are no longer
supported in the c29clang version of the c29nm utility. These include:

* --format:long - produce detailed listing of symbol information
* --output - write output to a specified file

* --quiet - suppress banner and progress information
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Symbol Kind Annotations

The TI C28x version of the name utility annotates some symbols with kind information differently
than the c29clang version of the c29nm utility. One of the known differences is that the previous
version of the name utility uses ‘d’ to annotate debug symbols, whereas the new version of c29nm
uses ‘N’. There may be other differences. Please consult the above list of symbol kind annotations
for the ¢29nm utility for more information.

Saving Output to a File

As indicated above, the TI C28x version of the name utility supports a command-line option to
write the output to a specified file, but the c29clang version of the c29nm utility does not support
such a command-line option. Instead, you can elect to pipe the output of c29nm to a file:

c29nm test.o > c29nmout

or to the C++ name demangler utility, for example:

c29nm test.o | c29dem > c29demout

An Example Using the Name Utility (c29nm) and the Name Demangler Utility
(c29dem)

Consider the following source file (test.cpp):

int g_my_num;

namespace NS { int ns_my_num = 2; }

int £() { return g my_num + NS::ns_my_num; }
int main() { return f£(); }

If the above test.cpp is compiled:

c29clang —mcpu=c29.c0 —-c test.cpp

We can then use the ¢29nm utility to write out the symbol names in test.o:

%> c29nm test.o

00000000 T _Z1fv

00000000 D _ZN2NS9ns_my_numk
00000000 B g_my_num

00000000 T main

and we could pass the output of ¢29nm to c29dem to demangle the mangled names that are present
in the ¢29nm output:

2.1. Main Differences Between cl2000 and c29clang 30




C29 Clang Compiler Tools User Guide, Release v1.0.0.LTS

%$> c29nm test.o | c29dem
00000000 T £f()

00000000 D NS::ns_my_num
00000000 B g_my_num
00000000 T main

Disassembling Object Files

The c29clang compiler toolchain provides a utility that can be used to disassemble TT C29x object
files: c290bjdump.

When invoked with the --disassemble (or -d) command, c290bjdump emits disassembled output
for a C29x object file. If a C29x object file contains C/C++ source debug information, then the
--source (or -S) option can be used to emit interlisted C/C++ source with the disassembled output.

c29o0bjdump —disassemble [options] filename

See the c290bjdump - Object File Dumper section for more information about the c290bjdump
utility.

The dis2000 utility that is provided with the proprietary TI C29x C/C++ compiler toolchain
(c12000) has no equivalent in the c29clang compiler toolchain. Use the c29objdump utility in-
stead.

Language Support For C/C++ and Assembly Differences

e C/C++: There is no support for proprietary TI predefined macro symbols, pragmas, and
intrinsics. Functionally equivalent alternatives should be used in their place.

* CLA: There is no separate CLA compiler. Convert code intended for the CLA compiler to
regular C code.

* Assembly: Use of assembly language is discouraged for c29clang, except for assembly code
that is embedded in C/C++ source files via asm() statements, which are processed inline by
the c29clang integrated GNU-syntax assembler. Assembly language source files should be
rewritten in C/C++.

For more information, see C/C++ and Assembly Language Differences.
Development Flow Related Differences

* The c29clang compiler invokes the linker by default, whereas the user must specify c12000’s
-run_linker option to invoked the linker from the c12000 command-line. However, the --
rom_model (-c) linker option is not set by default by the c29clang compiler when running
the linker. Therefore, the --rom_model (-c) or --ram_model (-cr) option must be passed to
the linker on the c29clang command line or in the linker command file.

* The c29clang compiler does not support a C/C++ interlist option from the compiler
command-line.
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* The c29clang compiler ends compilation after emitting assembly output when using the -S
option.

* The c29clang compiler does not support altering the file extension of compiler generated
files.

For more information, see Development Flow Differences.
Differences in Behavior of Binary Utilities

* Only EABI output is supported for TT C29x. If your TI C28x application has COFF output
files, you should first migrate from TI C28x COFF output to TI C28x EABI output before
migrating to TI C29x. For information, see C2000 Migration from COFF to EABI.

* The c12000 compiler does not attempt to inline a function that contains an asm() statement,
but the c29clang compiler inlines a function containing an asm() statement if it is beneficial
to do so.

* The command-line interface for the c29clang versions of the C++ Name Demangler Utility
(c29dem) and the Name Utility (¢29nm) behave differently than the cl2000 versions of
dem2000 and nm2000.

For more information, see Binary Utility Differences.
Differences in Type Aliasing Assumptions

* When optimizing memory accesses, c29clang assumes that pointers of different types cannot
refer to the same memory. This means that if a pointer to an object is cast to a pointer of a
different type, the compiler will treat the two pointers as not referencing the same memory.
A user access of either pointer with the assumption that they refer to the same memory is
undefined behavior. The C standard allows compilers to make a less conservative assumption
about strict type aliasing in order to better optimize code to yield better performance. This
behavior is consistent with that of other compilers, but it is different from cl2000, which
makes a more conservative assumption while sacrificing optimization.

» Users with code for which this poses problems should disable strict type aliasing by using
the -fno-strict-aliasing compiler option.

For more information, see Controlling Optimization.

2.2 Migrating cl2000 CCS Projects to c29clang

One of the challenges you may face when transitioning an existing TT C28x application in order to
build the application with the c29clang compiler is in mapping c12000 compiler options into their
corresponding c29clang compiler options. If your TI C28x application exists as a CCS project,
then CCS can help with the mapping of c12000 compiler options to c29clang options.

The process of migrating an c12000 CCS project to use the c29clang compiler is relatively straight-
forward:
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—

Import the c12000 CCS project into a CCS workspace.

N

In the Explorer window, right-click on the c12000 project name and select Properties.

File Edit Selection View Go Project Run Scripts Terminal Help

50
@ EXPLORER =+ € mainc X
> OPEN EDITORS migration_tutorial > € mainc @
/O “ WORKSPACE_CCSTHEIA 1
2
~ B migration_tur-=-" "t
> B, Debug New File...
I} > P Release New Folder...
> B3 targetConfi Open With... >
ﬂl‘> C mainc Reveal in File Explorer Ctrl+Alt+P
Open in Integrated Terminal
0
HJ Select for Compare
Find in Folder... Alt+Shift+F
ad
Copy Ctrl+C
Paste Ctrl+V
Copy Path Alt+Shift+C
Copy Relative Path Ctrl+K, Ctrl+Shift+C

R Build Project(s)
Clean Project(s)

Rebuild Project(s)

Build Configurations >

System Configurations >
1% Debug Project F5

Delete Delete

Duplicate

Rename F2
it Properties... Alt+Enter

3. You will then see a Properties pop-up dialog box for the cI2000 project.
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Properties for migration_tutorial [Debug]

~ General

[I% Dependencies Device family C2000
{ & Variables Device variant / core select or type to filter... v TMS320F2800132 v || C28xx_CPU v
v Bl Connection (® | Texas Instruments XDS100v2 USB Debug Probe [default] v
;z i‘t:ESO"def Manage the project's target-configuration automatically
v 3 Tools

> 4% C2000 Compiler

Output E tabl
> /2 C2000 Linker utput type xecutable
/2 C2000 Hex Utility [disabl... Compiler TIv22.6.1A23259 Ny
Clang-Tidy
Debug

Cancel ‘ Save and Close ‘

A

Before migrating the c12000 project to use the c29clang compiler, you can check the c12000 option
settings. In this example, the Optimization options show that the -O3 and -mf3 options have been

selected:
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Properties for migration_tutorial [Debug] X

v General
I\ Dependencies Optimization level (--opt_level, -O) 3 - Interprocedure Optimizations v
{ & Variables Speed vs. size trade-offs (--opt_for_speed, -mf) 3 ~
e Bl_ﬂld Floating Point mode (--fp_mode) strict v
i= Steps
@ [k Gty Allow reassociation of FP arithmetic (-fp_reassoc) v
~ % Tools

~ /2 C2000 Compiler
Processor Options
1 optmiaton |
Include Options
Performance Advisor
Predefined Symbols
> Advanced Options
> /2 C2000 Linker
42 C2000 Hex Utility [disabl...
Clang-Tidy
Debug

Cancel Save and Close

4

4. Click on the General category along the left-hand side of the dialog box, then change the
Compiler from the current c12000 compiler to the c29clang compiler (may be denoted as
“TI Clang <version string>"):
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Properties for migration_tutorial [Debug]

~ General
i i C2000
[I% Dependencies Device family
{ & Variables Device variant / core select or type to filter... v | TMS320F2800132 v | C28xx_CPU v
@ [ Connection (0 | Texas Instruments XDS100v2 USB Debug Probe [defaulf] v
i= Steps
@ Link Order Manage the project's target-configuration automatically
v 3% Tools

v /% C2000 Compiler

Processor Options
Optimization Compiler Tl v22.6.1A23259 v

Output type Executable

TIv22.6.1A23259
Tl Clang v0.2.0-alpha.1.20240627.1826+ 74 22fbfbf

Include Options

Performance Advisor
Predefined Symbols
> Advanced Options
> /2 C2000 Linker
/% C2000 Hex Utility [disab
Clang-Tidy
Debug

Cancel Save and Close

y

—

5. Click on Save and Close at the bottom of the dialog box. CCS will create a new build
configuration with the migrated compiler options.

Unless all c12000 compiler options were migrated flawlessly to their c29clang compiler counter-
parts, you will see a pop-up dialog box explaining that some issues were encountered when creating
the new build configuration:

(X) Problems encountered while initializing project ‘'migration_tutorial'. Please X

see the file 'project.log’, at the root of the project, for details.
Open Log

Ln9,Col1 CRLF UTF-8 Spaces:4 C 31

You can then click Open Log and proceed to view the project.log file in the CCS source file
window.

The project.log file provides details about each of the cl2000 to c29clang option mappings that
were enacted during the migration step. The c12000 compiler options that CCS was not able to
migrate into a functionally equivalent c29clang compiler option will be listed with a 'WARNING
message in the project.log file. You will want to review the mappings listed in the project.log file
to ensure that each c12000 compiler option was mapped to a c29clang option as you expected.
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For this tutorial we can see that the c12000 -O3 and -mf3 options were mapped to the c29clang -Os
option:

main.c

B projectlog X

migration_tutorial > B projectlog

1

0N OV AW N

11
12
13
14
15

17
18
19
20
21
22

24

I CONFIGURATION: 'Debug_ TICLANG' (com.ti.ccstudio.buildDefinitions.C2000.Debug.654510841) [Fri Jul 12 15:31:01 CDT 2024]
ITOOL: 'C2888 Compiler' (com.ti.ccstudio.buildDefinitions.C2000_TICLANG_®.8.exe.compilerDebug.932670065)

INOTE: Source-tool setting '--opt_for_speed=3 -03' has been migrated to target-tool setting '-0Os’
¢29clang's -0s option enables moderately aggressive performance optimizations combined with additional code size optimizations __

INOTE: Source-tool setting '--c99 --relaxed_ansi' has been migrated to target-tool setting '-std=gnu9x'
INOTE: Source-tool setting:
--include_path="${PROJECT_ROOT}" --include_path="${CG_TOOL_ROOT}/include"
has been migrated to target-tool setting:
-I"${PROJIECT_ROOT}" -I"${CG_TOOL_ROOT}/include"
INOTE: Source-tool default '--define=_INLINE' has been migrated to target-tool setting '-D_INLINE

INOTE: Source-tool default '--symdebug:dwarf_version=3" has been migrated to target-tool setting '-gdwarf-3'

IWARNING: The following source-tool settings were not migrated because no migration rules have been defined - please migrate these se
--fp_mode=strict

To further ensure that the c12000 options were properly converted to c29clang options, you can
check the build settings for the newly created TICLANG configuration of your project. Right-
click on the project name and select Properties to bring up the Properties dialog box associated
with the TICLANG configuration of your project. For this tutorial, we can see the Optimization
options for the c29clang compiler show that -Os option has been selected, as expected:
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Properties for migration_tutorial [Debug_ TICLANG]

~ General

1% Dependencies Select optimization paradigm/level (-O) s v
{& Variables [J Enable relaxed assumptions about floating-point math (-ffast-math) |
v fuld (J select Link-Time Optimization (LTO) (-flto) |
i= Steps
@ Link Order Enable/Disable function inlining v
v % Tools

~ /2 C2000 Compiler
Processor Options
Optimization
Include Options
Predefined Symbols
> Advanced Options
> /2 C2000 Linker
/2 C2000 Objcopy Utility ...
Clang-Tidy
Debug

Cancel Save and Close

2

During migration, CCS will also enable a few Clang-Tidy checks that can help you update your
TI C28x application source code so that it can be built using the c29clang compiler. To view or
modify the enabled Clang-Tidy checks, click on Clang-Tidy in the Properties dialog:
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Properties for migration_tutorial [Debug_ TICLANG]

~ General . -
I\ Dependencies Mode | Use project settings v
{& Variables i
~ Build Enabled checks + —p
| = Steps v c29migration-c28-builtins |
B «/ c29migration-c28-pragmas
v % Tools

i « c29migration-c28-stdlib
v /2 C2000 Compiler

Processor Options
Optimization
Include Options
Predefined Symbols
> Advanced Options
> /2 C2000 Linker
/2 2000 Objcopy Utility

Clang-Tidy

Debug Additional flags

Cancel Save and Close

)

For more information about Clang-Tidy and a list of the available checks, see Migrating Source
Code with Clang-Tidy.

Further details about mapping c12000 compiler options to c29clang compiler options are provided
in the remainder of this chapter.

2.3 Migrating Command-Line Options

In this chapter of the Migration Guide, information is presented to help you map c12000 command-
line options to an appropriate c29clang command-line option, if a mapping is available. There are
some cl12000 command-line options, like the -s interlisting options, that do not have a functional
counterpart in the c29clang compiler. Such cases are clearly indicated in the tables in this chapter.

In several of this chapter’s sub-sections, cl2000 options are shown side-by-side with one or more
functionally relevant c29clang options in table form. These tables are often accompanied by a brief
commentary discussing further details about the option mapping, including differences in behavior
between the c12000 and c29clang compiler with regards to the options under consideration.

Please note that while this chapter tries to account for all the options provided by the cl2000
compiler, it does not list all the c29clang command-line options that are available. If you cannot
find a c29clang option that you are looking for in this chapter, refer to the Clang Compiler User’s
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Manual for additional command-line options.

2.3.1 Managing Compiler Build Steps

By default, the c29clang compiler performs the following steps:
1. Preprocess the C/C++ source file
2. Compile the C/C++ source file(s) into temporary object file(s)

3. Automatically call the linker to produce an executable image

The following command-line options control the build-process steps performed by c29clang.

¢l2000 Option (and alias) | c29clang Option
--compile_only (-c) -C

Preprocess and compile source files, but do not link object files. The output is one
object file for each source file.

cl2000 Option (and alias) | c29clang Option
--preproc_only (-ppo) -E

Run only the preprocessor. The cl2000 compiler saves the preprocessed output in a
.pp file, but the preprocessed output from c29clang is streamed to stdout.

¢l2000 Option (and alias) | c29clang Option
--skip_assembler (-n) -S

Halt compilation after code generation. Both the c12000 and c29clang compilers halt
after processing a C/C++ source file and before assembling the generated code into an
object file. After halting, an assembly source file containing the generated code will
be present in the current working directory. For the c12000 compiler, the default file
extension for a compiler generated assembly file is ‘.asm’. For the c29clang compiler,
the file extension for a compiler generated assembly file is “.s’.

¢l2000 Option (and alias) | c29clang Option
--run_linker (-z) linker is invoked by default

The c12000 compiler does not run the linker unless you use the --run_linker (-z) op-
tion. By default, the c29clang compiler automatically invokes the linker after compil-
ing source files into object files. To see details about what command is used by the
c29clang compiler to invoke the linker, you can specify the ‘-v’ option on the c29clang
command- line.

You can prevent c29clang from running the linker using one of these options:
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* The -S option stops the compiler after generating an assembly file for each C/C++
source file on the command line.

* The -c option stops the compiler after generating an object file for each C/C++
source.

cl2000 Option (and | c29clang Option
alias)
-z <linker options> -Xlinker <linker option>

-Wl,<comma-separated list of linker options>

Any options specified after the -z option using c12000 are passed to the linker.

To pass options to the linker from the c29clang command-line, use either -Xlinker or
-WI. The c29clang compiler inserts these options into the list of options used when
the linker is invoked after the compilation step. The -Xlinker option can be used to
specify a single linker option (with no intervening spaces). The -W1 option accepts a
comma-separated list of linker options.

Note that the --rom_model (-¢) linker option, which is the default for c12000, is not
set by default by the c29clang compiler when running the linker. Therefore, either the
-rom_model (-c) or --ram_model (-cr) option must be passed to the linker using either
-Xlinker or -W1 on the ¢29clang command line (or specified in the linker command
file).

cl2000 Option (and alias) | c29clang Option
--help (-h) -help (-h)

Display list of command-line options available.

2.3.2 Specifying the Compilation Target

The following command-line options specify the device being used and other characteristics about
the hardware environment that the compiler should assume during compilation. These options
determine which instruction set is used by the compiler and whether or not the compiler can assume
the availability of floating-point hardware.

¢l2000 Option (and alias) | c29clang Option

--silicon_version=28 (-v28) | -mcpu=<processor variant>

The c12000 compiler supports only the “28” value for the --silicon_version command-
line option. For the c29clang compiler, use the -mcpu=c29.c0 option, which is also
the default.
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cl2000 Option c29clang Option
--float_support=<float hardware ID> | -mfpu=<float hardware ID>

The c12000 compiler uses the --float_support option to indicate whether floating-point hardware is
available and if it is available, which floating-point hardware it is.

Native support for 32-bit floating-point operations is always provided for C29x. Optionally, you
can also enable 64-bit hardware instructions for floating-point operations using the -mfpu option,
which can have either of the following settings:

* -mfpu=none - Use native 32-bit floating-point hardware operations, but emulate 64-bit
floating-point operations in software.

* -mfpu=f64 - Use native 32-bit and 64-bit floating-point hardware operations.

For additional information about options that can be used to manage compiler behavior with respect
to floating-point support, please see Managing Floating Point Support.

¢l2000 Option (and alias) | c29clang Option
--abi={coffabileabi } only EABI is supported

The COFF ABI output format, which is supported by the proprietary TI C28x com-
piler, is not supported for TT C29x targets. The C29x Embedded Application Binary
Interface (EABI) is always used.

¢l2000 Option (and alias) | c29clang Option
--cla_support Not supported

The TI C29x CPU provides improved processing performance, so separate hardware
accelerators are not needed. See Migrating CLA Code for information about migrating
C code that was intended for use with the CLA compiler.

¢l2000 Option (and alias) | c29clang Option
--idiv_support Not supported

The TI C29x CPU provides improved processing performance, so separate hardware
accelerators are not needed.

¢l2000 Option (and alias) | c29clang Option
--tmu_support Not supported

The TI C29x CPU provides improved processing performance, so separate hardware
accelerators are not needed.
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The TI C29x CPU provides improved processing performance, so separate hardware
accelerators are not needed.

¢l2000 Option (and alias)

c29clang Option

--vcu_support

Not supported

¢l2000 Option (and alias)

c29clang Option

--1fu_reference_elf=path

Not supported

-1fu_default[=none | preserve]

Not supported

Live Firmware Updates are not currently supported for TI C29x.

2.3.3 Specifying Source Language and Specific Language Character-
istics

The following command-line options specify the language standards the compiler should expect
C/C++ source code to comply with and also what assumptions to make regarding particular data

types.

The c29clang -std option can be used to instruct the compiler to process C files in
accordance with the indicated ANSI/ISO C language standard. For the c29clang com-

¢l2000 Option | c29clang Option

--c89 -std=<C standard identification>
--c99

--cl1

piler, the available -std option arguments for C are:

If no -std option is specified when compiling a C source file, gnul7 is assumed by

c89,c90,1s09899:
c99, c9x%,1s09899:
cll,clx,1s09899:

cl7,c18,1s09899:

1990 (ISO C 1990)
1999 (ISO C 1999)
2011 (ISO C 2011)
2017 (ISO C 2017)

1509899:199409 (ISO C 1990 with amendment 1)

gnu89, gnu90 (ISO C 1990 with GNU extensions)

gnu99, gnu9x (ISO C 1999 with GNU extensions)

gnull, gnulx (ISO C 2011 with GNU extensions)

gnul7, gnul8 (ISO C 2017 with GNU extensions)

default.
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By default, source files with a ‘.c’ extension are interpreted as C source files. The —x
c option can be specified on the command-line to force a source file that does not have
a ‘.c’ extension to be interpreted as a C source file.

The c29clang compiler can handle a mix of C and C++ source files on a single invoca-
tion of the compiler. To interpret a file, regardless of its extension, as a C file, the —x
c option should be specified before that file on the c29clang command. All source files
that follow the —x ¢ option are interpreted as C source files until another —x option
is encountered on the command-line.

cl2000 Option c29clang Option

--c++03 -std=<C++ standard identification>
—c++11

--c++14

--c++17

The c29clang -std option can (also) be used to instruct the compiler to process C++
source files in accordance with the indicated ANSI/ISO C++ language standard. For
the c29clang compiler, the available supported -std option arguments for C++ are:

c++98, c++03 (ISO C++ 1998 with amendments)

c++11 (ISO C++ 2011 with amendments)

c++14 (ISO C++ 2014 with amendments)

c++17 (ISO C++ 2017 with amendments)

gnu++98, gnu++03 (ISO C++ 1998 with amendments and GNU extensions)
gnu++11 (ISO 2011 with amendments and GNU extensions)

gnu++14 (ISO C++ 2014 with amendments and GNU extensions)

gnu++17 (ISA C++ 2017 with amendments and GNU extensions)

If no -std option is specified when compiling a C++ source file, gnu++17 is assumed
by default.

By default, source files with a ‘.cpp’ extension are interpreted as C++ source files. The
—x c++ option can be specified on the command-line to force a source file that does
not have a ‘.cpp’ extension to be interpreted as a C++ source file.

The c29clang compiler can handle a mix of C and C++ source files on a single invo-
cation of the compiler. To interpret a file, regardless of its extension, as a C++ file,
the —x c++ option should be specified before that file on the c29clang command. All
source files that follow the —x c++ option are interpreted as C++ source files until
another —x option is encountered on the command-line.

Note: C++ support is based on a library that is focused on support for C++17. If you specify an
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earlier version of the C++ standard, it is not guaranteed that features that were not required by that
standard will be unsupported.

cl2000 Option (and alias) | c29clang Option
--cpp_default (-fg) -X C++
--language=c++

The c12000 compiler provides a --cpp_default option that tells the compiler to process
all source files with a ‘.c’ extension as C++ source files.

The c29clang compiler’s —x c++ option provides similar support, but whereas
cl2000’s -fg option applies only to source files with ‘.c’ extensions, the c29clang com-
piler’s —x c++ option applies to any source file that is specified after the —x c++
option on the c29clang command-line up until another —x option is encountered.

¢l2000 Option | c29clang Option
-x <language type>
--language=<language type>

The c29clang compiler’s -x or --language option provides a way to indicate how source
files that are specified after the option are to be interpreted. There are four valid option
arguments:

* c++ - source files specified after the —x c++ option are interpreted as C++ source files
* ¢ - source files specified after the —x ¢ option are interpreted as C source files

For example, suppose you have two source files, t1.cpp and t2.c. Assuming t2.c is C++ compatible,
one could then invoke the c29clang compiler with:

%> c29clang ... tl.cpp -x c++ t2.c t3.5 ... —-o t.out

to ensure that t2.c is interpreted as a C++ source file so that its object is compatible with t1.o.

¢l2000 Option c29clang Option
--cla_background_task not supported
--cla_default not supported
--cla_signed_compare_workaround | not supported

The c12000 compiler supports these options to control the behavior of the CLA com-
piler.

The Control Law Accelerator (CLA) is not needed when using TT C29x devices be-
cause of their improved performance over TI C28x devices. For this reason, these
options are not supported by the c29clang compiler.

See Migrating CLA Code for further information.
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cl2000 Option c29clang Option
--exceptions not supported
--extern_c_can_throw | not supported

The ¢29clang compiler currently does not support C++ exception handling and the
-fexceptions compiler option.

cl2000 Option (and alias) c29clang Option
--gen_cross_reference_listing (-px) | not supported

The c12000 compiler supports the -px option, which causes the compiler to emit a .crl
file, which contains a listing of where symbols are referenced and defined.

The c29clang compiler does not support an analogous option.

cl2000 Option c29clang Option
--gen_preprocessor_listing | not supported

The c12000 compiler supports the --gen_preprocessor_listing option, which causes the
compiler to emit a listing of the pre-processing output to an .1l file.

The c29clang compiler does not support an analogous option.

¢cl2000 Option c29clang Option

--pending_instantiations=#

The c12000 compiler supports these options to specify the number of template instan-
tiations that may be in progress at any given time.

cl2000 Option (and alias) | c29clang Option
--relaxed_ansi (-pr) -std=gnu<90[9911 117>

The c12000 compiler supports GNU extensions to the C language if its -pr option is
selected. To enable support of GNU extensions in the c29clang compiler, use one of
the GNU settings (gnu90, gnu99, gnull, gnul7) as the argument to c29clang’s -std
option.

cl2000 Option | c29clang Option
--1tti -fno-rtti (default)
-frtti

The c12000 compiler does not allow the inclusion of Run-Time Type Information
(RTTI) to be disabled. RTTI is included if a C++ application may need to refer to
a class’ type_info object.
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The c29clang compiler has RTTI support disabled by default. Use the -frtti option to
allow C++ RTTI to be generated.

cl2000 Option (and alias) | c29clang Option
--strict_ansi (-ps) -std=c<90199[11117>

The c12000 compiler provides the -ps option to allow you to disable support for GNU C
extensions to the C standard. To disable support for GNU extensions in the c29clang
compiler and approximate the behavior of cl2000’s -ps option, use one of the non-
GNU language settings (c90, ¢99, c11, c17) as the argument to c29clang’s -std option.

All c29clang “-std=c<XX>" C language variants define the __STRICT_ANSI__ pre-
defined macro symbol.

You can combine “-std=c<XX>" with c29clang’s -pedantic option, which causes
warnings to be issued for any conflicts with ISO C and ISO C++. The c29clang com-
piler’s -pedantic-errors option causes errors instead of warnings to be issued for such
conflicts.

2.3.4 Controlling Optimization

The following command-line options control optimization behavior.

cl2000 Option (and alias) c29clang Option

--opt_level=<offl0I11213> (- | -O<0I112I3Ifastlglslz>

O<off10I11213>

--opt_level=4 (-O4) Not available; link-time
optimization not supported

The cl12000 compiler supports several levels of optimization beginning with --opt_level=off, or “no
optimization,” up to -O4, which enables c12000’s link time program optimization capability.

The c29clang compiler supports a variety of different optimization options, including:
* -00 - no optimization; generates code that is debug-friendly.

* -O1 or -O - restricted optimizations, providing a good trade-off between code size and de-
buggability.

* -02 - most optimizations enabled with an eye towards preserving a reasonable compile-time.

* -03 - in addition to optimizations available at -O2, -O3 enables optimizations that take longer
to perform, trading an increase in compile-time for potential performance improvements.
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* -Ofast - enables all optimizations from -O3 along with other aggressive optimizations that
may realize additional performance gains, but also may violate strict compliance with lan-
guage standards.

* -Og - enables most optimizations from -0/, but may disable some optimizations to improve
debuggability.

* -Os - enables all optimizations from -O2 plus some additional optimizations intended to
reduce code size while mitigating negative effects on performance.

* -0z - enables all optimizations from -Os plus additional optimizations to further reduce code
size with the risk of sacrificing performance.

The ability to debug a program becomes more challenging at higher levels of optimization.

¢l2000 Option (and alias) c29clang Option
--opt_for_speed=<0I112131415> -O<zlsl3Ifast>
(-mf=<0I112131415>)

--opt_level=4 (-O4) Not available; link-time
--opt_for_speed=<0I1121314I5> optimization not supported
(-mf=<0I112131415>)

The ¢12000 compiler supports an --opt_for_speed option, which allows you to select a code size
versus performance “trade-oft” level, n, which informs the compiler about how aggressive it can be
when optimizing for improved performance at the risk of increasing code size. The available values
for n range from 0O, which favors optimizations geared towards reducing code size with a high risk
of degrading performance, to 5, which favors optimizations intended to improve performance with
a high risk of increasing code size.

Some of the c29clang compiler’s optimization options roughly correspond to the intended code size
vs. performance trade-off that is embodied in the use of cl2000’s --opt_for_speed and --opt_level
options. The following is an approximate mapping:

* -0z - resembles using cl2000’s --opt_for_speed=0-1 in combination with --opt_level=2-3
since it favors code size reducing optimizations even if performance is degraded.

* -Os - resembles using c12000’s --opt_for_speed=2-3 in combination with --opt_level=2-3
since it favors code size reducing optimizations, but tries to preserve performance while
doing so.

* -03 - resembles using cl2000’s --opt_for_speed=3-4 in combination with --opt_level=2-3
since it favors optimizations intended for improving performance, but tries to avoid increases
in code size while doing so.

* -Ofast - resembles using c12000’s --opt_for_speed=4-5 in combination with --opt_level=2-3
since it favors optimizations intended for improving performance even if code size increases
(Caution: the use of -Ofast may violate strict compliance with language standards).
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cl2000 Option (and alias) | c29clang Option
--opt_for_space=<0I11213> | -O<lIslz>

The ¢12000 compiler supports an --opt_for_space option, which is an older option for
controlling code space.

The c29clang compiler reduces code size to different degrees when you use the -O,
-Os, and -Oz options.

cl2000 Option c29clang Option
--sat_reassoc=off (default) --sat_reassoc=on | not supported

The cI12000 compiler provides a --sat_reassoc option to enable or disable reassociation
of saturating arithmetic. It is off by default.

The c29clang compiler does not support an analogous option.

cl2000 Option (and alias) c29clang Option

--auto_inline=<size> (-oi<size> | -finline-limit=<size>

The c12000 compiler provides the --auto_inline option, which, when used in combina-
tion with --opt_level=3, allows you to specify a size threshold for automatic inlining
of functions that are not explicitly declared as “inline.”

The c29clang compiler supports an analogous option, -finline-limit, which allows you
to specify a size threshold for functions that can be inlined, where <size> is the number
of pseudo instructions.

The  c29clang  compiler also  supports the always_inline  (“__at-
tribute__((always_inline))”) and noinline ( “__attribute__((noinline))”) function
attributes that provide a means for you to control inlining on a function-specific
basis. The c29clang compiler’s -fno-inline-functions option can be used to disable all
inlining.

cl2000 Option (and alias) | c29clang Option
--disable_inlining -fno-inline-functions

The 12000 compiler provides the --disable_inlining option, which allows you prevent
any inlining from being performed.

To prevent inlining with the c29clang compiler, use the -fno-inline-functions option.

cl2000 Option (and alias) c29clang Option

--call_assumptions=<n> (-op<n>) | not supported
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The cl12000 compiler provides the --call_assumptions option, which, when used in
combination with --program_level_compile and --opt_level=3, allows you to provide
additional information to the compiler about whether the functions defined in a given
module are called from other modules and whether global variable definitions in a

given module are referenced from other modules.

¢l2000 Option (and
alias)

c29clang Option

gen_opt_info=<0I112>
(-on=<0I112>

-fsave-optimization-record
-foptimization-record-file=<filename>
-Rpass=<expr>

-Rpass-missed=<expr>
-Rpass-analysis=<expr>

The 12000 compiler provides the --gen_opt_info option, which, when used in combi-
nation with --opt_level=3, causes the compiler to emit a human-readable optimization
information file. The higher the value of the argument specified, the more verbose the
optimization information provided will be.

The ¢29clang compiler does not provide an option that matches the exact behavior
of c12000’s --gen_opt_info, but c29clang reports optimization information via the fol-
lowing available options:

* -fsave-optimization-record - writes optimization remarks to a YAML file

 -foptimization-record-file - identifies the name of the YAML file written when
using the -fsave-optimization-record option

* -Rpass - given a regular expression string argument to identify the optimization
pass(es) that you want information about, the -Rpass option writes informative
remarks to stdout during compilation about when a specified optimization pass
makes a transformation

* -Rpass-missed - given a regular expression string argument to identify the op-
timization pass(es) that you want information about, the -Rpass-missed option
writes informative remarks to stdout during compilation about when a specified
optimization pass fails to make a transformation

» -Rpass-analysis - given a regular expression string argument to identify the op-
timization pass(es) that you want information about, the -Rpass-analysis option
writes informative remarks to stdout during compilation about why a specified
optimization pass does or doesn’t perform a transformation

cl2000 Option (and alias) | c29clang Option

--optimizer_interlist (-0s) not supported

The c12000 compiler provides the --optimizer_interlist option, which tells the compiler
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to keep an compiler-generated intermediate assembly source file that is annotated with
interlisted comments corresponding C/C++ source code optimizations to the assembly
code generated by the compiler.

The c29clang compiler does not provide an analogous option. However, you can use
c29clang’s -Rpass, -Rpass-missed, and -Rpass-analysis options to gain more insight
into which optimizations were performed and potential optimizations that were ruled
out during compilation.

cl2000 Option (and alias) c29clang Option
--program_level_compile (-pm) | not supported

The c12000 compiler’s --program_level_compile option combines source files into a
single compilation unit to enable the compiler’s program-level optimizations.

The c29clang compiler does not support link-time optimization.

¢l2000 Option (and alias) | c29clang Option
--aliased_variables (-ma) not supported

The 12000 compiler’s -aliased_variables option instructs the compiler to assume that
called functions are capable of creating hidden aliases. As a result, the compiler must
assume worst-case aliasing. For example, the optimizer cannot assume that it knows
the value stored in a local object if that local object might be accessed via a separate
pointer.

The c29clang compiler does not provide an analogous option. However, c29clang’s
-fstrict-aliasing and -fno-strict-aliasing options can be used to enable or disable op-
timizations based on type based alias analysis, but they don’t allow the compiler to
violate the aliasing rules of C. Some aliasing behavior can also be controlled via
c29clang’s optimization options.

¢l2000 Option (and alias) | c29clang Option
--isr_save_vcu_regs={onloff} | not supported

The c12000 compiler provides the --isr_save_vcu_regs compiler option, which generates instruc-
tions to save and restore VCU registers using the stack when interrupt service routines occur. This
allows VCU code to be re-entrant. If an ISR interrupts a VCU computation, it will not impact
results if this option is used.

The c29clang compiler does not provide an analogous option, because C29x devices do not contain
VCU registers.

2.3. Migrating Command-Line Options 51



C29 Clang Compiler Tools User Guide, Release v1.0.0.LTS

2.3.5 Managing Floating Point Support

Assuming that a floating-point ABI has been selected with the -mfloat-abi option and, if floating-
point hardware is available, it has been made known to the compiler via the -mfpu option, then the
following command-line options can be used to further refine the compiler’s assumptions about
what floating-point characteristics are enabled.

cl2000 Option c29clang Option

--float_operations_allowed=<alllnonel32164> | not supported

The c12000 compiler supports a --float_operations_allowed option, which allows
you to indicate to the compiler the maximum floating-point precision that can be
assumed for a floating-point type data object. For example, you can specify ‘--
float_operations_allowed=32’, causing the cl2000 compiler to flag an error if an at-
tempt is made to use a floating-point type whose size is greater than 32-bits.

The c29clang compiler does not provide a mechanism to restrict the use of floating-
point types by type size. The c29clang compiler assumes that all legal floating-point
types are supported. This matches the c12000 compiler’s default behavior (e.g. --
float_operations_allowed=all).

cl2000 Option c29clang Option
--fp_mode=<relaxedIstrict> | -ffp-model=<preciselstrictlfast>
-ffast-math

-fno-fast-math
-ffp_contract=[onloff]
-frounding-math
-fno-rounding-math
-ffp-exception-behavior=<ignore>

By default, the c12000 compiler supports ‘strict’ conformance to the IEEE-754
floating-point standard, but you can also use the ‘--fp_mode=relaxed’ option to al-
low the compiler to be more aggressive about using floating-point hardware instruc-
tions, allow floating-point arithmetic reassociation, and aggressively convert double-
precision floating-point terms in an expression to single-precision when the result type
is single-precision.

The c29clang compiler provides an ‘-ffp-model’ option that allows you to instruct the
compiler to assume a general set of rules for generating code that implements floating-
point math. Each of the available arguments to the ‘-ffp-model’ option will effect the
settings for other, single-purpose, floating-point options.

The available arguments to the -ffp-model option are:

e precise - If no ‘-ffp-model’ option is explicitly specified on the c29clang
command-line, then the compiler will assume the ‘precise’ floating-point model
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by default.

‘-ffp-model=precise’ is the recommended c29clang compiler option to be used
in place of c12000’s ‘--fp_mode=strict’ option.

When the ‘precise’ floating-point model is in effect, all optimizations that are not
value-safe on floating-point data are disabled. However, if the indicated C29x
processor’s floating-point unit (FPU) supports a fused multiply and add (FMA)
instruction, then the compiler will assume that any floating-point contraction op-
timizations are safe (-ffp-contract=on).

e strict - Specifying ‘strict’ as the argument to the -ffp-model option enables
floating-point rounding (-frounding-math). However, floating-point contraction
optimizations are disabled (-ffp-contract=off). Also, no ‘fast-math’ optimiza-
tions are enabled (-fno-fast-math).

 fast - Specifying ‘fast’ as the argument to the -ffp_model option will enable
all ‘fast math’ optimizations (-ffast-math) and it will enable more aggressive
floating-point contraction optimizations (-fp-contract=fast).

The c29clang ‘-ffp-model=fast’ option is the most functionally similar to the
cl2000 ‘--fp_mode=relaxed’ option among the available arguments to the ‘-ffp-
model’ option.

For more detailed information about the separate, single purpose floating-point options
mentioned here, please see the Floating-Point Arithmetic section of the Optimization
Options chapter.

cl2000 Option | c29clang Option

--fp_reassoc not supported

The c29clang compiler does not provide an option that controls whether reassociation
is allowed in floating-point operations. Instead, the c29clang’s -ffp-mode=std option
can be used to disallow reassociation (the default), and c29clang’s -ffp-mode=fast op-
tion can be used to allow reassociation.

¢l2000 Option c29clang Option

--fp_single_precision_constant | -cl-single-precision-constant

The c12000 compiler supports a --fp_single_precision_constant option, which causes all unsuffixed
floating-point constants to be treated as single-precision values instead of as double-precision con-
stants.

The -cl-single-precision-constant option can be used with the c29clang compiler to treat double
precision floating-point constants as single precision constants.
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2.3.6 Controlling the Runtime Model

The following options can be used to dictate compiler behavior with regards to how code and data
is organized in compiler generated object files, generating code to monitor stack usage at run-time,
constraints on pointer alignment when generating code to access memory, and enabling a link-time
dead-code removal optimization.

cl2000 Option c29clang Option
--gen_func_subsections=on (default) -ffunction-sections (default)
--gen_func_subsections=off -fno-function-sections

The cI12000 compiler’s --gen_func_subsections option, which is on by default, places
each function definition into a separate subsection.

The analogous c29clang option is -ffunction-sections, also on by default, which gener-
ates each function definition into its own section. You can further control section place-
ment with the section function attribute, __attribute__((section(“‘<section name>"))),
which can be added to the definition of a function to place it in a particular section.

Placing every function definition in its own section will enable the linker to remove
unreferenced functions from the linked output file. As this can prove to have a signif-
icant impact on reducing the code size of a program without any impact on run-time
performance, it is recommended that the default setting of -ffunction-sections be left

intact.
cl2000 Option c29clang Option
--gen_data_subsections=on (default) -fdata-sections (default)
--gen_data_subsections=off -fno-data-sections

The c12000 compiler’s --gen_data_subsections option, which is on by default, places
aggregate data (arrays, structs, and unions) into separate subsections.

The analogous c29clang option is -fdata-sections, also on by default, which gener-
ates a separate section for each variable, including non-aggregate variables. You
can further control section placement with the section variable attribute, __at-
tribute__((section(“<section name>"))), which can be added to the definition of a par-
ticular data object to place it in a particular section.

Placing every variable definition in its own section will enable the linker to remove
unreferenced data objects from the linked output file. As this can prove to have a
significant impact on reducing the amount of space allocated for variables in a program
without impacting run-time performance, it is recommended that the default setting of
-fdata-sections be left intact.

¢l2000 Option (and alias) | c29clang Option
--no_rpt (-mi) not supported
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The c12000 provides this option to prevent the compiler from generating repeat (RPT)
instructions. By default, repeat instructions are generated for certain memcpy, divi-
sion, and multiply-accumulate operations. However, repeat instructions are not inter-
ruptible.

The c29clang compiler does not provide an analogous option.

cl2000 Option c29clang Option
--printf_support=<nofloatl/fulllminimal> | automatic

The c12000’s --printf_support option allows you to limit the printf and scanf support
required in the standard C runtime library. For example, if the you know that an
application will never pass a floating-point value to be formatted by a printf- or scanf-
family function, then using the --printf_support=nofloat option instructs the compiler
to use a customized version of the printf- or scanf-family C/C++ runtime function that
does not support floating-point and is therefore much smaller than a printf- or scanf-
family function that provides full support for floating-point.

The c29clang compiler tools embed metadata in compiler-generated object code to
help the linker automatically determine whether a smaller implementation of the printf
support function can be used in the link step of an application build.

See Printf Support Optimization (no option) for additional information about this be-
havior.

cl2000 Option (and alias) | c29clang Option

--protect_volatile (-mv) not supported

The c12000 provides this option to enable volatile reference protection. Pipeline con-
flicts may occur between non-local variables that have been declared volatile. A con-
flict can occur between a write to one volatile variable that is followed by a read from
a different volatile variable. The —protect_volatile option allows instructions to be
placed between volatile references to ensure the write occurs before the read.

The c29clang compiler does not provide an analogous option.

¢l2000 Option c29clang Option
--ramfunc=off (default) not supported
--ramfunc=on

The cl12000 compiler’s --ramfunc option, when it is on (default behavior is off), in-
structs the compiler to generate the code for the functions defined in a compilation
unit into a special “.TL.ramfunc” section, which can then be placed in RAM memory
at link time.

The c29clang compiler does not provide an analogous option. However, the code
generated for a function can be directed into a specific section using a section function
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attribute, such as __attribute__ ((section(‘‘<section name>"))), attached to the function
definition in the C/C++ source file where it is defined.

¢l2000 Option (and alias) | c29clang Option
--rpt_threshold=k not supported

The c12000 provides this option to set a maximum value on the number of times gen-
erated repeat (RPT) loops, which are not interruptible, may iterate.

The c29clang compiler does not provide an analogous option.

2.3.7 Defining the Include File Directory Search Path

In C/C++, an #include preprocessor directive tells the compiler to read C/C++ source statements
from another file. When specifying the file, you can enclose the filename in double quotes or in
angle brackets. The filename can be a complete pathname, a relative pathname, or a filename with
no path information.

When searching for the specified include file, the compiler will incorporate the notion of an include
file directory search path into the search.

¢l2000 Include File Directory Search Path

The cI12000 compiler supports the notion of an include file search path directory. It can make use
of environment variables to help extend the include file directory search path.

Using the c12000 compiler, the include file directory search path is defined in one of two ways:

99 ¢

* If you enclose the file specification in double quotes (
in the following directories in this order:

), the compiler searches for the file

1. The directory of the file that contains the #include preprocessor directive

2. Directories named in one or more --include_path options in the order in which the
options are specified in the compiler invocation

3. Directories listed in the C2000_C_DIR environment variable definition

* If you enclose the file specification in angle brackets (< >), the compiler searches for the file
in the following directories in this order:

1. Directories named in one or more --include_file options in the order in which the op-
tions are specified in the compiler invocation

2. Directories listed in the C2000_C_DIR environment variable definition

By default, the c12000 compiler begins with an empty include file directory search path. The
recommended environment variable that serves as a sort of baseline definition of the include file
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directory search path is C2000_C_DIR, but the c12000 compiler also honors the cl2000 environ-
ment variable C_DIR. In addition, the cI2000 compiler allows the C2000_C_OPTION environment
variable to define a set of compiler options to be used as if they were on the command line.

c29clang Include File Directory Search Path

The c29clang compiler also has a notion of an include file search path directory and it can also make
use of environment variables to help extend the include file directory search path. However, the
c29clang’s definition of the include file directory search path incorporates a builtin clang include
file directory and standard system directories that contain C and C++ runtime header files.

When using the c29clang compiler to process an #include preprocessor directive, the include file
directory search path is defined in one of two ways:

99 ¢

* If you enclose the file specification in double quotes (
in the following directories in this order:

), the compiler searches for the file

1. The directory of the file that contains the #include preprocessor directive

2. Directories named in one or more -1 options in the order in which the options are
specified in the compiler invocation

3. Directories listed in an applicable environment variable definition
4. C++ runtime header file directory (if compiling a C++ source file)
5. Compiler builtin include directory

6. Standard system include directories

* If you enclose the file specification in angle brackets (< >), the compiler searches for the file
in the following directories in this order:

1. Directories named in one or more -I options in the order in which the options are
specified in the compiler invocation

2. Directories listed in an applicable environment variable definition
3. C++ runtime header file directory (if compiling a C++ source file)
4. Compiler builtin include directory

5. Standard system include directories

By default, the c29clang compiler populates the include file directory search path with the builtin
include directory and the standard system include directories that are set up when the c29clang
compiler tools are installed. For example, the following include file directories are installed with
the c29clang 1.0.0-alpha.1 compiler tools:

* C++ runtime header file directory: <install area>/lib/generic/include/c++/v1

* Compiler builtin include directory: <install area>/lib/clang/10.0.0/include
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 Standard system include directory: <install area>/lib/generic/include/c

The following command-line options are available in the c29clang compiler to manage whether or
not these installed include directories are incorporated into a given compilation:

* -nostdinc - do not incorporate the C++ runtime header file directory, the compiler builtin
include directory, or the standard system include directory in the default definition of the

include file directory search path

* -nostdlibinc - do not incorporate the C++ runtime header file directory or the standard sys-
tem include directory into the include file directory search path, but do incorporate the com-

piler’s builtin include directory

* -nobuiltininc - do not incorporate the compiler’s builtin include directory into the include
file directory search path, but do incorporate the C++ runtime header file directory and the

standard system include directory

You may also control the include file directory search path through definitions of the CPATH,
C_INCLUDE_PATH (C source files only), or CPLUS_INCLUDE_PATH (C++ source files only)

environment variables.

The C2000_C_DIR, C_DIR, and C2000_C_OPTION environment variables are not supported by

the c29clang compiler, and should be migrated as appropriate.

Adding to the Include File Directory Search Paths with Command-Line Options

As indicated above, the include file directory search path can be controlled using the compiler

command-line.

cl2000 Option (and alias)

c29clang Option

--include_path=<dir>
(-I=<dir>)
(-i=<dir>)

-1

When using the c12000 compiler, the --include_path option allows a user to specify
a semi-colon separated list of one or more directory paths in which the compiler will
search for an include file in accordance with the rules indicated in the above “c12000

Include File Directory Search Path” section.

Likewise, using the c29clang compiler, the -I option allows a user to specify a semi-
colon separated list of one or more directory paths in which the compiler will search for
an include file in accordance with the rules indicated in the above “c29clang Include

File Directory Search Path” section.

Also see migration of the --preinclude option in Specifying Source Files and File Extensions.
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2.3.8 Defining the Object/Library File Directory Search Path

At link time, a collection of object files, that either have been freshly generated by the compiler or
reside in an existing object library, are combined together to form a linked output file. In typical
cases, the linked output file is a static executable, but the linker is also capable of generating a
partially linked output file in which relocation entries are preserved and which may be combined
with other object files in a subsequent link.

Object/Library File Directory Search Path

Within a given linker invocation, an object or library file can be specified explicitly or with a ‘-1’
prefix. Such a specification can be indicated on a command-line invocation of the linker or within
a linker command file that is incorporated into a link. If a ‘-1’ prefix is used in an object or library
file specification, then the linker will locate the specified file or library using an object/library file
directory search path.

The concept is similar to the notion of an include file directory search path in the case where the
include file is enclosed in angle brackets (< >).

Specifically, when a ‘-1’ prefix is indicated in an object or library file specification, the linker will
search for the specified file in the following locations in this order:

1. Directories named in -L compiler options in the order in which the options are specified in
the c29clang invocation.

2. Standard system lib directory.

3. Directories named in -Xlinker --search_path options in the order in which the options are
specified in the c29clang invocation.

4. Directories listed in the C2000 _C_DIR environment variable definition.

By default, the c12000 compiler begins with an empty object/library file directory search path. The
recommended environment variable that serves as a sort of baseline definition of the object/library
file directory search path is C2000_C_DIR, but the cl2000 compiler also honors the c12000 en-
vironment variable C_DIR. In addition, the c12000 compiler allows the C2000_C_OPTION envi-
ronment variable to define a set of compiler options to be used as if they were on the command
line.

Unlike the c12000 compiler, the c29clang compiler populates the object/library file directory search
path with the standard system lib directory, <install area>/lib/generic, that is set up when the
c29clang compiler tools are installed.

You may also control the object/library file directory search path using the C2000_C_DIR environ-
ment variable when the linker is invoked with either the c12000 or c29clang compiler. The linker
also honors the cl12000 environment variable C_DIR. Use of the C2000_C_OPTION environment
variable should be migrated to command line options and environment variables that are supported
by the c29clang compiler.
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Please note that while the c291nk linker that is provided with the c29clang compiler tools is iden-
tical to the Ink linker that is provided with the c12000 compiler tools with respect to these environ-
ment variables, the two linker executables are not functionally equivalent in other ways. Some of
the significant differences between the executables are discussed in the Main Differences Between
cl2000 and c29clang chapter.

Adding to the Object/Library File Directory Search Path with Compiler Command-
Line Options

As indicated above, the definition of the object/library file directory search path can be controlled
using the compiler command-line.

cl2000 Option (and alias) c29clang Option
--include_path=<dir list> -L <dir>

(-I=<dir list>)
(-i=<dir list>)

When using the c12000 compiler, the --include_path option allows a user to specify
a semi-colon separated list of one or more directory paths that is converted into a --
search_path linker option when the c12000 compiler is made to invoke the linker. The
linker will then follow the rules indicated in the above “Object/Library File Directory
Search Path” section when searching for an object or library file that is specified as a
linker option on the cI2000 compiler command-line or within a linker command file
using a ‘-1’ prefix.

The c29clang compiler’s -L option is functionally equivalent to the c12000 compiler’s
--include_path option except that the -L option allows only a single directory path to be
specified for each -L option on the c29clang command-line. However, you can specify
more than one -L option on the c29clang command-line to add additional directories
to the object/library file directory search path. When multiple -L options are specified,
they will be translated into multiple --search_path linker options in the order in which
they are specified.

You can also pass explicit --search_path options directly to the linker from the compiler command-

line.

¢l2000 Option c29clang Option

-z ... --search_path=<dir list> | -Xlinker --search_path=<dir> -WIl,—search_path,<dir>

When the linker is invoked from the c12000 compiler command-line, all options that
are specified after the -z (or --run_linker) option are passed directly to the linker. In
this manner, a user can add one or more directories to the object/library file directory
search path.

When invoking the linker from the c29clang compiler command-line, options that are
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intended as input to the linker invocation should be preceded by -Xlinker. You may
also pass an option to the linker using the -W1, option mechanism. For example, if
you have a directory called “myobj” under the work directory that you are invoking
the compiler from, you can append the ./myobj sub-directory to the object/ library file
directory search path with the following option:

-Wl,—search_path,./myobj

As is the case with the c29clang compiler’s -L option, only one directory path may
be specified to the --search_path option when passed to the linker from the c29clang
compiler command-line.

2.3.9 Specifying Temp Directories

The c12000 compiler provides several options that allow you to control where a temporary file is
written during a given compilation. However, the c29clang compiler does not provide an analogous
capability for controlling the location of the temporary files that are generated during a compilation.

In most, if not all, cases, the c29clang compiler places temporary files in the current working
directory (that is, whichever directory the c29clang executable was invoked from). Ordinarily,
temporary files are removed when they are no longer needed by the c29clang compiler. However,
like the c12000 compiler, the c29clang compiler does support command-line options that keep one
or more of the temporary files that are generated during a given compilation.

¢l2000 Option (and alias) | c29clang Option
--abs_directory=<dir> (-fb) | not supported

The c12000 compiler supports an absolute listing capability (-abs), which is not pro-
vided in the c29clang toolset. Thus the c29clang compiler does not provide an option
to control where an absolute listing file would be written.

cl2000 Option (and alias) | c29clang Option
--asm_directory=<dir> (-fs) | -S
—save—temps

The c12000 compiler allows you to indicate where a temporary compiler-generated
assembly file should be written, but the c29clang compiler does not provide this capa-
bility. The c29clang compiler’s -S option instructs the compiler to write the compiler-
generated assembly file to the current working directory and then stop the compiler
before actually assembling the file into an object file.

The c29clang compiler’s -save-temps option keeps all temporary files generated during
compilation and linking without halting either the compiler or the linker. The typical
temporary files that are generated during compilation and linking include: an interme-
diate file (.i extension), a bitcode intermediate file (non-readable with .bc extension), a
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compiler-generated assembly file (.s extension), and an object file generated from the
c29clang assembler (.0 extension).

Note that the use of assembly language is discouraged for c29clang, except for as-
sembly code that is embedded in C/C++ source files via asm() statements, which are
processed inline by the c29clang integrated GNU-syntax assembler. Assembly lan-
guage source files should be rewritten in C/C++. See Migrating Assembly Language
Source Code for more information.

¢l2000 Option (and alias) | c29clang Option
--list_directory=<dir> (-ff) | not supported

The cl2000 tools support the capability to generate an assembly listing file, which
displays the encoded object code alongside the assembly language source that was
either generated by the compiler or was provided in an assembly language source file.
The c12000’s --list_directory option allows you to indicate where to write the assembly
listing file during the compilation.

The c29clang compiler does not provide the analogous capability to generate an as-
sembly listing file. Thus, there is no need for an option to direct where an assembly
listing file is to be written.

¢l2000 Option (and alias) | c29clang Option
--obj_directory=<dir> (-fr) | -c
-save-temps

The cI2000 compiler allows you to indicate where a temporary assembler-generated
object file should be written, but the c29clang compiler does not provide this capa-
bility. The c29clang compiler’s -c option instructs the compiler to write the compiler-
generated object file to the current working directory and then stop the compiler before
actually linking the file into an application.

The c29clang compiler’s -save-temps option keeps all temporary files generated during
compilation and linking without halting either the compiler or the linker. The typical
temporary files that are generated during compilation and linking include: an interme-
diate file (.i extension), a bitcode intermediate file (non-readable with .bc extension), a
compiler-generated assembly file (.s extension), and an object file generated from the
c29clang assembler (.0 extension).

cl2000 Option (and alias) | c29clang Option
--output_file=<file> (-0) -0 <file>

Both the c12000 and c29clang compilers support a -o option, which allows you to
specify the name and location of the linked output file.
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¢l2000 Option c29clang Option
--pp_directory=<dir> | -E

The cI12000 compiler supports generating a pre-processor file that is emitted after the
parser portion of the compiler completes processing of all pre-processing directives
(using the -ppo option, for example). The c12000’s --pp_directory option allows you
to specify where to write the pre-processor file (.pp extension) during a given compi-
lation.

Whereas the c12000 compiler can be made to generate a pre-processor file with a
.pp extension, the c29clang compiler supports the -E option, which writes the pre-
processor output to stdout. You can direct c29clang’s pre-processor output to a file
using the appropriate UNIX or MS-DOS “pipe” command notation.

cl2000 Option (and alias) | c29clang Option
--temp_directory=<dir> (-ft) | not supported

The c12000 compiler provides the --temp_directory option to allow you to specify an
alternate directory (from the current work directory) where temporary files are to be
written.

The c29clang compiler writes temporary files to the current working directory (where
c29clang is invoked from). Normally, temporary files are automatically removed dur-
ing the compilation process when the compiler no longer needs a given temporary file,
but you can keep all of the temporary files generated during a given compilation by
specifying c29clang’s -save-temps option. The c29clang compiler does not provide an
option to write temporary files to an alternate directory.

2.3.10 Specifying Source Files and File Extensions

The following command-line options specify source file type treatment and extensions.

cl2000 Option (and alias) c29clang Option
--asm_file=<file> (-fa=<file>) | -x assembler
-x assembler-with-cpp

Note: Use of assembly language is discouraged for c29clang, except for assembly
code that is embedded in C/C++ source files via asm() statements, which are processed
inline by the c29clang integrated GNU-syntax assembler. Assembly language source
files should be rewritten in C/C++. See Migrating Assembly Language Source Code
for more information.

The ¢cl2000 compiler provides the --asm_file option to identify a specific file as an
assembly source file regardless of its extension.
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The c29clang compiler processes source files specified on the command line after the
‘-x <type>’ option as source files of an indicated type. For assembly source files, there
are 3 different <type> arguments that can be specified for the -x option:

» assembler - assume that source files that follow the ‘-x assembler’ option contain
GNU-style assembly source.

* assembler-with-cpp - assume that source files that follow the ‘-x assembler-
with-cpp’ option contain GNU-style assembly source that contains pre-
processing directives that must be processed before the GNU-style assembler
is invoked on the GNU-style assembly source.

Note that like other instances of the c29clang compiler’s -x option, the source file type
indicated by a given -x option will determine how source files which follow that -x
option are interpreted until another -x option that specifies a different source file type
is encountered.

cl2000 Option (and alias) | c29clang Option
--c_file=<file> (-fc=<file>) | -x ¢

The c12000 compiler provides the --c_file option to identify a specific file as a C source
file regardless of its extension.

The c29clang compiler processes source files specified on the command line after the
‘-x ¢’ option as C source files. Like other instances of the c29clang compiler’s -x
option, the source file type indicated by a given -x option will determine how source
files which follow that -x option are interpreted until another -x option that specifies a
different source file type is encountered.

¢l2000 Option (and alias) | c29clang Option
--cpp_default (-fg) -X C++
--cpp_file=<file> (-fp=<file>)

The c12000 compiler provides the --cpp_default file option to indicate that C files (with
‘.c’ file extension) should be interpreted as C++ source files. The cI2000 compiler also
provides the --cpp_file option to identify a specific file as a C++ source file regardless
of its extension.

The c29clang compiler processes source files specified on the command line after the
‘-x c++ option as C source files. Like other instances of the c29clang compiler’s -x
option, the source file type indicated by a given -x option will determine how source
files which follow that -x option are interpreted until another -x option that specifies a
different source file type is encountered.

¢l2000 Option (and alias) | c29clang Option
--obj_file=<file> (-fo=<file>) | not supported
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The c12000 compiler provides the --obj_file option to identify a specific file as an
object file regardless of its extension.

The c29clang compiler does not provide an explicit option to tell the compiler to inter-
pret a given file as an object file, regardless of extension. However, provided there are
no -x options preceding an object file specification on the c29clang command- line,
the c29clang compiler will detect that the specified file contains object code and pass
the file along to be included in the link step.

Alternatively, if there are -x options on the c29clang command- line that would in-
terfere with the proper interpretation of an object files specification, you may precede
the object file specification with a -Xlinker option to indicate that the object file is
intended as input to the linker.

¢l2000 Option c29clang Option
--preinclude=<file> | -include <file>

The c12000 compiler provides the --preinclude option to include a source file at the
beginning of compilation.

The c29clang compiler’s -include option provides the same functionality.

cl2000 Option (and alias) c29clang Option
--asm_extension=<ext> (-ea=<ext>) | not supported

Note: Use of assembly language is discouraged for c29clang, except for assembly
code that is embedded in C/C++ source files via asm() statements, which are processed
inline by the c29clang integrated GNU-syntax assembler. Assembly language source
files should be rewritten in C/C++. See Migrating Assembly Language Source Code
for more information.

The c12000 compiler provides the --asm_extension option to indicate that files with the
specified extension (<ext>) should be interpreted as assembly source files. In addition,
assembly files that are generated by the compiler will have the specified extension.

The ¢29clang compiler does not provide support for changing default file extensions.
Files with an .s (lower-case) extension are treated as GNU-style assembly source. The
.S (upper-case) extension indicates that a GNU-style assembly source file requires
preprocessing.

cl2000 Option (and alias) c29clang Option

--c_extension=<ext> (-ec=<ext>) | not supported

The cl2000 compiler provides the --c_extension option to indicate that files with the
specified extension (<ext>) should be interpreted as C source files.

The c¢29clang compiler does not provide support for changing default file extensions.
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Files with the .c extension are compiled as C.

cl2000 Option (and alias) c29clang Option
--cpp_extension=<ext> (-ep=<ext>) | not supported

The cl12000 compiler provides the --cpp_extension option to indicate that files with the
specified extension (<ext>) should be interpreted as C++ source files.

The c29clang compiler does not provide support for changing default file extensions.
Files with the .cpp, .cxx, .c+, .cc, and .CC extensions are compiled as C++. You may
also use the -x c++ option to indicate that any source file that follows the -x c++ option
should be interpreted as a C++ source file (until another -x option is encountered on
the c29clang command-line).

cl2000 Option (and alias) c29clang Option

--listing_extension=<ext> (-es=<ext>) | not supported

The cl2000 compiler provides the --listing_extension option to indicate that assem-
bly listing files that are generated by the compiler will have the specified extension
(<ext>).

The c29clang compiler does not provide support for generating assembly listing files.
Instead you may choose to use one of the available binary utilities to display the con-
tent of an object file.

cl2000 Option (and alias) c29clang Option
--obj_extension=<ext> (-eo=<ext>) | not supported

The c12000 compiler provides the --obj_extension option to indicate that files with the
specified extension (<ext>) should be interpreted as object files. In addition, object
files that are generated by the compiler will have the specified extension.

The c29clang compiler does not provide support for changing default file extensions.
The c29clang compiler will attach a *.0” extension to regular object files. The -o option
can be used to specify the name of the linked output file.

There are some exceptions to this. For example, the c29clang compiler will interpret
‘.c’ file extensions as C source files, ‘.cpp’ file extensions as C++ source files, and ‘.s’
file extensions as GNU-style assembly source files.
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2.3.11 Preprocessor Options

The following command-line options control the preprocessor.

cl2000 Option (and alias) c29clang Option
--define=<name>[=<value>] (-D=<name>[=<value>]) | -D<name>[=<value>]

The c12000 compiler provides the --define option to predefine a preprocessor macro.
The macro symbol can be given a value if an assignment to the optional value argument
is included.

The ¢29clang compiler’s -D option provides the same functionality. The c29clang
compiler also provides the ability to append a macro parameter list in order to define
function-style macros.

For both compilers, if the assignment to value argument is omitted, then the predefined
symbol’s value is set to 1.

¢l2000 Option (and alias) c29clang Option
--undefine=<name> (-U=<name>) | -U<name>

The 12000 compiler provides the --undefine option to undefine a preprocessor macro.

The c29clang compiler’s -U option provides the same functionality.

cl2000 Option (and alias) c29clang Option
--preproc_dependency[=<file>] (-ppd[=<file>]) | -M

The cI2000 compiler provides the --preproc_dependency option, which produces a list
of dependency rules for use by a make utility. This list includes both system and user
header files. When this option is used, the compiler executes only the preprocessor
step of the compilation. Unless a filename is specified, the preprocessed output is sent
to a file with an extension of .pp.

The c29clang compiler’s -M option provides the same functionality. However, the
preprocessed output is sent to stdout by default.

cl2000 Option (and alias) c29clang Option
--preproc_includes[=<file>] (-ppi[=<file>]) | -MM

The ¢l12000 compiler provides the --preproc_includes option, which produces a list
of dependency rules for use by a make utility. This list includes only user header
files. When this option is used, the compiler executes only the preprocessor step of the
compilation. Unless a filename is specified, the preprocessed output is sent to a file
with an extension of .pp.
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The c29clang compiler’s -MM option provides the same functionality. However, the
preprocessed output is sent to stdout by default.

¢l2000 Option (and alias) | c29clang Option
--preproc_only (-ppo) -E

The cI2000 compiler provides the --preproc_only option, which causes the compiler
to execute only the preprocessor step of the compilation. The preprocessed output is
sent to a file with an extension of .pp.

The c29clang compiler’s -E option provides the same functionality. However, the
preprocessed output is sent to stdout by default.

¢l2000 Option (and alias) c29clang Option
--preproc_macros{=<file>] (-ppm{=<file>]) | -E -dM

The c12000 compiler provides the --preproc_macros option, which produces a list of
predefined and user-defined macros. When this option is used, the compiler executes
only the preprocessor step of the compilation. Unless a filename is specified, the
preprocessed output is sent to a file with an extension of .pp.

The c29clang compiler’s -E and -dM options used together provide the same function-
ality. However, the preprocessed output is sent to stdout by default.

¢l2000 Option (and alias) c29clang Option
--preproc_with_comment (-ppc) | -E -C

The c12000 compiler provides the --preproc_with_comment option, which causes the
compiler to execute only the preprocessor step of the compilation. It keeps the com-
ments instead of discarding them as is done with the --preproc_only option. The pre-
processed output is sent to a file with an extension of .pp.

The c29clang compiler’s -E and -C options used together provide the same function-
ality. However, output is sent to stdout by default.

cl2000 Option (and alias) c29clang Option
--preproc_with_compile (-ppa) | not supported

The cl12000 compiler provides the --preproc_with_compile option, which causes the
compiler to continue after executing one of the --preproc_* options that produce pre-
processor output files.

The c¢29clang compiler does not support continuing compilation after generating pre-
processor output with the -E option.
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cl2000 Option (and alias) | c29clang Option
--preproc_with_line (-ppl) | -E

The ¢12000 compiler provides the --preproc_with_line option, which causes the com-
piler to execute only the preprocessor step of the compilation. It adds line-control
information (#line directives) to the output. Output is sent to a file with an extension

of .pp.

The c29clang compiler’s -E option stops the compiler after the preprocessing stage.
The preprocessed source code is emitted to stdout containing line-control informa-
tion. The c29clang does not provide an option to disable the output of line-control
information in the preprocessed output.

2.3.12 Controlling Entry/Exit Hooks

The c29clang compiler tools do not support entry/exit hooks in the same way as the c12000 com-
piler. However, c29clang does support an -finstrument-functions option, which inserts calls to
__cyg_profile_func_enter() and __cyg_profile_func_exit() at the entry and exit of each function.
This feature has not been adequately tested and may be problematic for C++ applications.

cl2000 Option c29clang Option
--entry_hook=<func> | -finstrument_functions

The c12000 compiler’s --entry_hook option allows you to specify the name of a func-
tion to be called on entry.

The c29clang compiler provides the capability to instrument functions via its -
finstrument-functions option, inserting a call to __cyg_profile_func_enter() at the en-
try of each function defined in a compilation unit. While the c29clang compiler
does not provide an option to allow you to name the entry function, the definition
of __cyg_profile_func_enter() can be customized to serve as an entry hook function.

The c29clang compiler tools package does not provide an implementation of the
__cyg_profile_func_enter(). If you specify the -finstrument_functions option on the
command-line, you will need to supply a definition of the __cyg_profile_func_enter()
function to be linked with your application.

See Function Entry/Exit Hook Options for more information about c29clang’s -
finstrument-functions option.

¢l2000 Option c29clang Option
--entry_parm=<nonelnameladdress> | not supported

When using entry hook functions with the c12000 compiler, you can pass the name or
the address of the calling function as an argument to the entry hook function.
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The c29clang compiler does not support an analogous capability.

cl2000 Option c29clang Option
--exit_hook=<func> | -finstrument_functions

The cl12000 compiler’s --exit_hook option allows you to specify the name of a function
to be called before exiting.

The c29clang compiler provides the capability to instrument functions via its -
finstrument-functions option, inserting a call to __cyg_profile_func_exit() prior to ex-
iting from each function defined in a compilation unit. While the c29clang compiler
does not provide an option to allow you to name the entry function, the definition of
__cyg_profile_func_exit() can be customized.

The c29clang compiler tools package does not provide an implementation of the
__cyg_profile_func_exit(). If you specify the -finstrument_functions option on the
command-line, you will need to supply a definition of the __cyg_profile_func_exit()
function to be linked with your application.

See Function Entry/Exit Hook Options for more information about c29clang’s -
finstrument-functions option.

cl2000 Option c29clang Option
--exit_parm=<nonelnameladdress> | not supported

When using exit hook functions with the c]2000 compiler, you can pass the name or
the address of the calling function as an argument to the exit hook function.

The c29clang compiler does not support an analogous capability.

cl2000 Option c29clang Option

--remove_hooks_when_inlining | not supported

If the c12000 compiler inlines a function, the --remove_hooks_when_inlining option
can be used to remove entry/exit hook function calls from the inlined function.

The ¢29clang compiler does not provide an analogous option.

2.3.13 Controlling DWARF Debug Information

The following command-line options control what form of debug information, if any, is generated
by the compiler and is propagated to a linked executable file.

cl2000 Option (and alias) | c29clang Option
--symdebug:dwarf (-g) -g
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The -g option causes both the c12000 and c29clang compilers generate debug infor-
mation for a compilation unit in accordance with the DWARF standard. When the
-g option is specified, the c12000 compiler generates DWARF version 3 debug infor-
mation by default. The c29clang compiler also generates DWARF version 3 debug
information by default when the -g option is specified on the compiler command-line.

However, please note that in the c29clang 1.0.0+sts compiler tools, the use of -gdwarf-
4 may introduce debug information discontinuities with the CCS debugger. It is rec-
ommended that until these issues are addressed that you should use -gdwarf-3 for

debugging.
cl2000 Option c29clang Option
--symdebug:dwarf_version=<version> | -gdwarf-<version>
-gdwarf-3

The c12000 compiler provides the --symdebug:dwarf_version option to allow you to
select what version of DWARF debug information will be generated by the compiler.
The c29clang compiler currently only generates DWARF version 3 debug information.
Support for generating DWARF version 4 and version 5 will be added in a future
release of the c29clang compiler tools.

The ¢29clang compiler provides the analogous -gdwarf-<version> option, allowing
you to select between DWAREF versions 2, 3 (the c29clang default), or 4.

¢l2000 Option (and alias) | c29clang Option
--symdebug:none (default)

Even if the -g option is not specified on the command-line, the c12000 compiler still
generates DWARF version 3 debug information by default. The cl2000 compiler’s
--symdebug:none option allows you to instruct the compiler to avoid generating any
debug information for a compilation unit.

The default behavior for the c29clang compiler is to not generate any DWARF debug
information unless the -g or the -gdwarf-<version> option is specified on the c29clang
command-line.

2.3.14 Diagnostic Message Options

Whereas the cl2000 compiler identifies diagnostics by number, the c29clang compiler identifies
diagnostics by name. The following table explains how cl2000 diagnostics are managed via the
¢cl2000 compiler and how certain diagnostic-related functionality in the cl2000 compiler might
translate into a relevant c29clang option.

See Diagnostic Options for further information.
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cl2000 Option c29clang Option
--compiler_revision | --version-string

The c12000 compiler supports a hidden option, --compiler_revision that prints only the
version number string itself as opposed to the additional information that is emitted
with the -version option.

Likewise, the c29clang compiler’s --version-string option emits only a string repre-
sentation of the compiler version number without the additional information that is
emitted when the --version option is specified.

cl2000 Option c29clang Option
--tool_version (-version) | --version

Both the c12000 and c29clang compilers support an option to print out version informa-
tion about the compiler to stdout. The cI2000 compiler also supports a -version option,
which lists the version information associated with each of the executable components
in the c12000 compiler tools package.

The c29clang compiler’s --version option prints the compiler version number and some
additional information, including:

* identity of source branches used to build compiler,

¢ the version of the LLVM open source repository that compiler’s source code base
is derived from,

* the target “triple” identifier,
¢ the relevant thread model, and

* the location where the compiler is installed.

cl2000 Option (and alias) c29clang Option
--diag_error=<number> (-pdse=<number>) -Werror=<category>
-W<category>

--diag_remark=<number> (-pdsr=<number>)

-Wno-<category>

--diag_suppress=<number> (-pds=<number>)
--diag_warning=<number> (-pdsw=<number>)

The ¢clI2000 compiler provides options that allow a diagnostic identified by a spe-
cific number (<number>) to be treated as an error, warning, or remark using the -
-diag_[errorlwarninglremark] options. You can also suppress a specified diagnostic
from being emitted by the compiler using the --diag_suppress option.

The c29clang compiler provides several options that are similar to the cl2000 --
diag_[errorlremarklwarninglsuppress] options, but there are subtle differences in func-
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tionality:

* -Werror=category - indicates that a specific category of warning diagnostics is to
be interpreted as errors

* -Wcategory - enables a specific category of warning diagnostics

* -Wno-category - disables a specific category of warning diagnostics

cl2000 Option c29clang Option
--diag_wrap=<onloff> | not supported

The cI12000’s --diag_wrap option, which is on by default, tells the compiler to wrap
diagnostic messages at 79 columns.

The c29clang compiler does not provide this capability.

cl2000 Option (and alias) c29clang Option
--display_error_number (-pden) | -fdiagnostics-show-option (default)
-fno-diagnostics-show-option

In order to determine the identity of a particular diagnostic, the c12000 compiler pro-
vides the --display_error_number option. Once the identity of a diagnostic has been
determined, you can then specify the number associated with the diagnostic to one of
cl2000’s diagnostic control options such as --diag_suppress, for example.

Similarly, the c29clang compiler enables you to discover the category name associ-
ated with a given diagnostic by using the -fdiagnostics-show-option (which is on by
default). Once a warning category name has been identified, you can specify the
category name as an argument to one of c29clang’s diagnostic control options (like
-Werror=<category>, for example, which treats warnings that are flagged by the spec-
ified <category> as errors).

¢l2000 Option (and alias) c29clang Option
--emit_warnings_as_errors (-pdew) | -Werror[=<category>]
-Wno-error=<category>

The cI2000 compiler’s option --emit_warnings_as_errors functionally maps to
c29clang’s -Werror option. The use of this option instructs the compiler to interpret
all warning diagnostics as errors.

An optional <category> argument can also be specified with the -Werror option to
indicate that only warnings in the specified category should be treated as errors.

The c29clang compiler’s -Wno-error=<category> option provides a mechanism by
which you can identify a particular category of warning to continue being interpreted
as a warning even if the -Werror option is used on the same command-line.
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¢l2000 Option c29clang Option
--flash_prefetch_warn | not supported

The c12000 compiler provides the --flash_prefetch_warn to display warnings about a specific se-
quence of instructions that may cause a prefetch buffer overflow. This case does not apply to C29x
devices.

The ¢29clang compiler does not provide an analogous option.

cl2000 Option (and alias) | c29clang Option

--issue_remarks (-pdr) not supported

The c12000 compiler can be made to emit remark diagnostics (non-serious warnings)
during a compilation when the --issue_remarks option is specified.

While the c29clang compiler does not explicitly support issuing remarks in general,
it does provide capability through other options (like the -Rpass option, for example)
to enable the compiler to emit remarks related to a specific topic (like optimization
transformations that are performed during compilation in the case of -Rpass).

cl2000 Option (and alias) | c29clang Option
--no_warnings (-pdw) -wW

Both the ¢12000 and c29clang compilers support an option to disable the reporting
of all warning diagnostics. On the cI2000 compiler, this option is --no_warnings (or
-pdw). On c29clang, it is simply -w. Lower case ‘w’ is essentially the opposite of
upper case ‘W’, which enables all diagnostic warnings.)

¢l2000 Option (and alias) | c29clang Option
__quiet (-q) (default)

The c12000 compiler emits nominal progress and status information by default when
compiling more than one source file during an invocation, but this can be suppressed
with ¢12000’s -q option.

The c29clang compiler does not generate progress or status information even while
compiling more than one file, so there is no need for a -q option.

cl2000 Option (and alias) c29clang Option
--set_error_limit=<number> (-pdel=<number>) | -ferror-limit=<number>

Both the c12000 and c29clang compilers provide an option that allows you to indicate
the number of errors to be detected / reported before a compilation attempt is aborted.
The c12000 compiler uses the --set_error_limit option for this purpose. The c29clang
compiler’s -ferror-limit serves the same purpose.
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By default, the c12000 compiler abandons compilation after 100 errors are detected /
reported. The default error limit for c29clang is 20. You can disable the error limit by
specifying a <number> of 0 as the option argument.

cl2000 Option c29clang Option
--super_quiet (-q) | No supported exactly

The cl12000 —super_quiet option disables non-diagnostic output, but allows remarks,
errors, and warnings.

You may decide to migrate this option to the clang c29clang -w option, which disables
non-diagnostic output but also suppresses all warnings. Note that the two options are
not equivalent for this reason.

cl2000 Option | c29clang Option

--verbose -V

Both c12000 and c29clang support an option to display verbose progress and status
information during the compilation of one or more source files. The c29clang com-
piler’s -v option emits information about the include file directory search path as well
as details about how different executables are invoked during a compilation.

¢l2000 Option (and alias) | c29clang Option

--verbose_diagnostics (-pdv) | -fdiagnostics-.. .

If the --verbose_diagnostics option is specified on the c12000 command-line, the com-
piler provides a more verbose diagnostic message with a given error, warning, or re-
mark if a more verbose message is available.

The c29clang compiler can be made to annotate diagnostics with extra information
that is gathered by the compiler during a given compilation. For example, c29clang’s
-fdiagnostics-fixit-info, which is on by default, allows the compiler to annotate diag-
nostics with information about how to resolve a problem if the fix is known to the
compiler.

More details about available -fdiagnostics-. .. options can be found in the online Clang
Compiler User’s Manual.

cl2000 Option (and alias) c29clang Option
--write_diagnostics_file (-pdf) | not supported

You can redirect the diagnostics reported by the cl2000 compiler to a file using the
--write_diagnostics_file option. The name of the generated diagnostics file will be the
name of the source file provided to the compiler with its file extension replaced by an
‘.err’ extension.
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The c29clang compiler does not provide an analogous option.

2.3.15 Compiler Feedback Options

The following table provides information about feedback directed optimization options that are
available in the c12000 compiler. The c29clang compiler does not currently support profile guided
optimizations, although the c29clang compiler does provide some support for generating code
coverage information. Support for profile guided optimizations may be considered in future version
of the c29clang compiler tools.

¢l2000 Option c29clang Option
--analyze=codecov | -fprofile-instr-generate
-fcoverage-mapping

The c12000 compiler can be made to generate code coverage analysis information from
profile data. This option must be used in combination with --use_profile_info.

The c29clang compiler can be made to generate linked output files that have been in-
strumented with code coverage information using the -fprofile-instr-generate option in
combination with the -fcoverage-mapping option. Please see the Source-Based Code
Coverage in c29clang section in the c29clang Compiler User Manual for more in-
formation on what code coverage capabilities are available in the c29clang compiler
tools.

cl2000 Option | c29clang Option
--analyze_only | -fprofile-instr-generate
-fcoverage-mapping

The c12000 compiler can be made to generate only a code coverage information file.
This option must be used in combination with --use_profile_info. To instruct the com-
piler to perform code coverage analysis of an instrumented application, you must spec-
ify --analyze=codecov, --analyze_only, and --use_profile_info.

Please refer to the Source-Based Code Coverage in c29clang section in the c29clang
Compiler User Manual for more information on what code coverage capabilities are
available in the c29clang compiler tools.

¢l2000 Option c29clang Option
--gen_profile_info | -fprofile-instr-generate
-fcoverage-mapping

The c12000 compiler can be made to append compiled code with instrumentation that
can collect profile data information when the instrumented application is run.
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Please refer to the Source-Based Code Coverage in c29clang section in the c29clang
Compiler User Manual for more information on what code coverage capabilities are
available in the c29clang compiler tools.

¢cl2000 Option c29clang Option
--use_profile_info=<file1>[,<file2>,...] | not supported

The c12000 compiler can be made to read profile data information from the list of files
that are specified as arguments to the --use_profile_info option and use this informa-
tion to inform optimization choices and/or the generation of code coverage informa-
tion.

The c29clang compiler tools include executables such as c29profdata and c29cov to
help view code coverage information that has been generated when an instrumented
linked output file is run.

Please refer to the Source-Based Code Coverage in c29clang section in the c29clang
Compiler User Manual for more information on what code coverage capabilities are
available in the c29clang compiler tools.

2.3.16 Assembler Options

Applications developed with the c12000 compiler tools may include some source code written in
assembly language.

Use of assembly language is discouraged for c29clang, except for assembly code embedded in
C/C++ source files via asm() statements, which are processed inline by the c29clang integrated
GNU-syntax assembler. For this reason, the TI C29x assembly language syntax is not documented.

When migrating a TI C28x application that contains assembly language source files to a TT C29x
application, it is recommended that you convert assembly language code to C/C++ code.

¢l2000 Option (and alias) | c29clang Option
--keep_asm (-k) -S

The c12000 compiler’s --keep_asm option causes the assembly language output from
the compiler or the assembly optimizer to be kept.

The c29clang compiler allows you to keep the assembly language output from the
compiler, but only if you use the -S option to stop the compiler after the assembly
files are emitted, preventing the compiler from generating object files or invoking the
linker.
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2.3.17 Command File Option

Sometimes the list of command-line options that are used during the invocation of a compiler can
become unwieldy. The @ option described below provides a mechanism for collecting command-
line options and input file specifications into a text file that can be fed into the compiler as a sort of
extension of the compiler invocation command.

cl2000 Option (and alias) c29clang Option
--cmd_file=<file> (-@=<file>) | @<file>

Both the c12000 and c29clang compilers provide an option that allows the use of a the
specified <file>’s contents as an extension for the command-line used to invoke the
compiler. The c29clang version of the option should not be preceded with a hyphen.

2.3.18 ULP Advisor Options

The c29clang compiler does not support the ULP Advisor options.

cl2000 Option c29clang Option
--advice:performance[=alllnone] | not supported

2.4 Migrating C and C++ Source Code

The process of converting the C/C++ source code for an existing TI C28x application that is built
with the c12000 compiler so that it can be built using the c29clang compiler can be thought of as
the process of making your C/C++ source code portable. The c12000 compiler supports the use of
proprietary TI-specific versions of many predefined macro symbols, intrinsics, and pragmas that
are not supported by other compilers. The use of such proprietary TI mechanisms will render a
program unbuildable by other compilers, including the c29clang compiler.

2.4.1 Migrating Source Code with Clang-Tidy

To aid the migration process from the c12000 compiler to the c29clang compiler, you can use the
c29clang-tidy utility either from the command line or within Code Composer Studio (CCS) Theia.
This tool performs various checks of your source code and identifies code that uses c12000-specific
syntax that should be modified.

The general procedure for using the c29clang-tidy utility is as follows:

1. Make initial code changes to reduce the number of compiler errors and false positives that
will occur when running c29clang-tidy. These code changes should include:
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* Remove any definitions of the fixed width types int8_t and uint8_t.
* Remove any extern declarations of C28x builtin functions.

* Change any use of C28-only macros such as ___TMS320C28XX___ to C29-macros
suchas _ C29 .

2. Run the c29clang-tidy utility using either the command line (see Running the c29clang-tidy
Utility from the Command Line) or CCS Theia (see Running the c29clang-tidy Utility from
CCS Theia).

3. Make changes to your code based on the diagnostics provided.

4. Run the c29clang-tidy utility iteratively as needed.

Running the c29clang-tidy Utility from the Command Line

The c29clang-tidy command line is similar to the c29clang command line.

For example, suppose your c29clang command line is as follows:

c29clang file.c -I./include -mcpu=c29.c0

The corresponding c29clang-tidy command line would be as follows:

c29clang-tidy —--checks=-x,c29migrationx —-header-filter=.x file.c_
w—— —I./include -mcpu=c29.c0

* Everything on the command line after —— is treated as a normal compiler argument. Those
options can be moved and duplicated as-is.

* The ——checks determines which checks are disabled and/or enabled. In this example, the
initial —* turns off all checks. This is followed by c29migrationx, which enables all
checks that begin with “c29migration”, which includes the C28x-C29x migration checks.

* The ~header—-filter option tells clang-tidy which header files to check. By default, it
checks none of them. In this example, . » says to check all header files using regex.

You can use the —11st—-checks option to list all the enabled checks. For example:

c29clang-tidy -list-checks \\ list default,
—checks

c29clang-tidy —-list-checks —-checks=-%,c29« \\ list all C29x_
—~checks

c29clang-tidy -list-checks —-checks=x \\ list all,
—wavailable checks
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See the Clang-Tidy documentation for additional command line options that may be supported by
c29clang-tidy. The —f1ix flag is not supported. You may use a .clang-tidy file as described in that
documentation to configure the actions performed by c29clang-tidy.

Running the c29clang-tidy Utility from CCS Theia

To run the c29clang-tidy utility within CCS Theia, follow these steps:

1. Make initial code changes to reduce the number of compiler errors and false positives that
will occur when running c29clang-tidy. These code changes should include:

* Remove any definitions of the fixed width types int8_t and uint8_t.
* Remove any extern declarations of C28x builtin functions.

* Change any use of C28-only macros such as ___TMS320C28XX___ to C29-macros
suchas _C29 .

2. The c29clang-tidy utility runs in the background for actions such as project creation, project
import, and file modification. By default, the c29migration-c28-builtins, c29migration-c28-
pragmas, and c29migration-c28-stdlib checks are run.

3. A list of diagnostics found by the c29clang-tidy utility is shown in the Problems view. For
example:

/\ Problems 1%
v G+ pragma_test.cpp temp @3
/\ pragma WEAK is a legacy Tl pragma and not supported by this compiler. Use '__attribute__((weak))' instead [ti_c29-c28-pragmas] clang-tidy [Lr

/\ pragma PERSISTENT is a legacy Tl pragma and not supported by this compiler. Use ' _attribute_ ((persistent))' instead [ti_c29-c28-pragmas] clang-tidy [l

/\ pragma NOINIT is a legacy Tl pragma and not supported by this compiler. Use '__attribute__((noinit))' instead [ti_c29-c28-pragmas] clang-tidy [Ln 11, Col 9]

/\ pragma LOCATION is a legacy Tl pragma and not supported by this compiler. Use ' attribute__((location(address)))' instead [ti_c29-c28-pragmas] clang-tidy [Ln 15, Col 9]
/\ pragma RETAIN is a legacy Tl pragma and not supported by this compiler. Use'__attribute__((retain))' instead [ti_c29-c28-pragmas] clang-tidy [L ol 9

/\ pragma FORCEINLINE is a legacy Tl pragma and not supported in this compiler. [ti_c29-c28-pragmas] clang-tidy [Ln 24, Col 11

/\ pragma NOINLINE is a legacy Tl pragma and not supported in this compiler. [ti_c29-c28-pragmas] clang-tidy [Ln 30, C
/\ pragma FORCEINLINE_RECURSIVE is a legacy Tl pragma and not supported in this compiler. [ti_c29-c28-pragmas] cla

/\ pragma NO_HOOKS is a legacy Tl pragma and not supported in this compiler. [ti_c29-c28-pragmas] clang-tidy [Ln 4 9

/\ pragma INTERRUPT is a legacy Tl pragma and not supported by this compiler. Use '__attribute _ ((interrupt("int_kind")))" instead [ti_c29-c28-pragmas] clang-tidy [Ln 45, Col €

4. Make changes to your code based on the diagnostics provided.

Limitations

* The c29clang-tidy utility does not analyze assembly code (.asm or inline asm() directives)

* As with all static analyzers, false positives are possible and expected. You will need to
inspect the code that results in a diagnostic message to determine whether it is a real issue.
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Checks Performed

By default, the following checks are performed:
* c29migration-c28-builtins
* c29migration-c28-pragmas
* ¢c29migration-c28-stdlib

The other c29migration checkers require knowledge of the intent of the code. They may suggest
updates that change the behavior of the program if not applied carefully. Therefore, they are treated
as advanced migration aids and are not run by default.

The c29clang-tidy utility provides the following checks:

c29migration-c28-builtins

This check looks for use of C28x intrinsics such as __fmax and __byte. It suggests alternatives if
they are available. For example:

void test add (int * m, int b) {
_add(m, b);
}

The diagnostic warning states that the call to ___add is a C28x intrinsic, which is not supported by
this compiler. It suggests that you refer to the C29x intrinsic documentation to find an equivalent.
In this case, it suggests using __builtin_c29_1i32_add32_rm_d (b, m).

In order to use this check, you must pre-include the c28_builtins.h file on the command line.

Builtin functions are declared internally. Since they are only declared for C28x, these builtin func-
tions are treated as undefined identifiers by the C29x compiler. This is not an issue using the C89
standard, but causes errors with C99 and later and with all C++ standards. To resolve this issue, the
compiler tools supply a header file that declares all C28x builtins. This file, c28-builtins.h,
can be pre-included by clang-tidy. Using the command line above, add the ——include option as
follows:

c29clang-tidy ——-checks=-%x,c29migration* —-header—-filter=.x file.c_
w—— —I./include -mcpu=c29.c0 —--include c28-builtins.h

This check is performed by default by CCS Theia when migrating projects from C28 to C29.
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c29migration-c28-char-range

This check detects operations on char typed expressions that would be out of range for an 8-bit
type. Because the char and unsigned char types are 16 bits on C28x and 8 bits on C29x,
overflows may occur. For example:

int ret_pos_cast (char x) {
return (char) (x + 10000);
}

The diagnostic warning states that the cast to ‘char’ receives an out-of-range value from code that
may assume a 16-bit byte type. It notes that the result of the expression is calculated as 10000.

To correct this issue, either: * Choose the C28x behavior by using a fixed-width 16-bit type instead
of char (intl16_t) * Accept the new C29x behavior, adjust the calculation to fit within an 8-bit type,
and optionally use a fixed-width 8-bit type (int8_t).

This check is not performed by default by CCS Theia when migrating projects from C28 to C29
because it requires understanding the intent of the program that is not evident in the code itself.

c29migration-c28-int-decls

This check suggests replacing the int and unsigned int types with int16_t and
uint16_t types. For example:

void foo (int x) { int y; }

The diagnostic warning states that you should consider using a fixed-width 16-bit type to avoid
issues with the increased width of int on C29x devices.

A fix-it is available that replaces int/unsigned int types with int16_t/uint16_t types and includes
<stdint.h> if it is not already included.

This check is not performed by default by CCS Theia when migrating projects from C28 to C29
because it suggests a major change to the application.

c29migration-c28-pragmas

This check looks for use of C28x pragmas such as #pragma DATA_SECTION. It suggests alterna-
tives if they are available. For example:

int weakx;
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The diagnostic warning states that the WEAK pragma is a legacy TI pragma that is not supported
by this compiler. It suggests that youuse __attribute__ ( (weak)) instead.

This check is performed by default by CCS Theia when migrating projects from C28 to C29.

c29migration-c28-stdlib

This check looks for calls to library functions that take a number of bytes argument where the
argument is not scaled by a sizeof expression. For example:

void malloc_c_pos () {
malloc ((1+23));
}

The diagnostic warning states that the call to malloc has a byte-size argument without a sizeof
expression. It suggests that you scale the size of the argument by a factor of ‘sizeof” to avoid issues
with changing byte sizes between C28x and C29x.

Calls to the following library functions are checked:
* aligned_alloc
* calloc
* malloc
* realloc
* memccpy
* memchr
* memcmp
* memcpy
* memmove
* memset
* strncmp
* strncpy
* fread
* fwrite

This check is performed by default by CCS Theia when migrating projects from C28 to C29. Be
aware that sufficiently complex sizeof expressions with multiple terms may not be correctly
diagnosed.
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c29migration-c28-suspicious-dereference

This check detects dereferences (*) of pointers, where the source expression is integer-typed and
contains an additive operation, which is commonly used to access memory-mapped values. For
example:

int main() {
* (int*) (x + 10) = 12;
}

The diagnostic warning states that the pointer cast has a suspicious integer expression incremented
by bytes, which are 16 bits on C28x and 8 bits on C29x. It suggests that you inspect the intent of
the address and scale it accordingly if needed.

This check is not performed by default by CCS Theia when migrating projects from C28 to C29.
Complex expressions with multiple casts to and from pointer types may cause this checker to fail
to diagnose an issue.

c29migration-c28-types

This check detects pointer arithmetic on char/int-based pointers, whose bit stride changes between
C28x to C29x. For example:

extern void foo (char *);

void test_plus (char *x) {
foo(x + 2);

}

The diagnostic warning states that pointer arithmetic is performed on an expression with type
‘char’. Since ‘char’ is 16 bits on C28x and 8 bits on C29x, you should choose either C28x behavior
by using a fixed-width 16-bit type (here, intl16_t), or accept C29x behavior and use a fixed-width
8-bit type (here, int8_t).

This check is not performed by default by CCS Theia when migrating projects from C28 to C29.
All matches should be individually vetted for intent and behavior:

* Code that accesses characters of a string should remain char/unsigned char.

* Code that accesses any other type through a char* pointer should be updated in one of two
ways:

1. The char* pointer should be changed to the type of the object being accessed.

2. The offset should be scaled by the size of the object being accessed.
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2.4.2 C/C++ Source Migration Aid Diagnostics

When migrating a C29x C/C++ application project from using the TI C28x compiler to using the
c29clang compiler you may have instances of TI-specific pragmas, pre-defined macro symbols, or
intrinsics that are supported by the c12000 compiler, but not the c29clang compiler.

To make your C/C++ source code more portable, you will need to locate instances of TI-specific
pragmas, pre-defined macro symbols, and intrinsics in your source code and convert them into
supported counterparts.

To help with this process, the c29clang compiler emits a diagnostic when it encounters the use of
a proprietary TI pre-defined macro symbol, pragma, or intrinsic and provides information about
how that use can be safely transformed into a functionally equivalent alternative, if one exists. In
cases where there is no functionally equivalent alternative to replace an instance of a proprietary
TI pre-defined macro symbol, pragma, or intrinsic, the c29clang compiler emits a diagnostic to
inform you about the presence of that proprietary TI mechanism.

Let’s consider a couple of examples ...

Proprietary Tl Pragmas

The proprietary TI pragma FUNC_CANNOT_INLINE has a valid alternative, so if the c29clang
compiler encounters the following line of code:

The c29clang compiler will emit the following diagnostic:

warning: pragma FUNC_CANNOT_INLINE is a legacy TI pragma and not

supported in clang compilers. use '__ _attribute_ ((always_inline))

1
—

instead

For more information about how many of the commonly occurring proprietary TI pragmas can be
converted into attribute form, please see the Pragmas and Attributes section.

Proprietary Tl Pre-Defined Macro Symbols

The proprietary TI pre-defined macro symbol __ TMS320C28XX___is an example of a pre-defined
macro symbol that can be used to configure C29x-specific code in an application, but this pre-
defined macro symbol is not supported by c29clang and needs to be replaced by a functionally
equivalent expression. Specifically, when the following line of code is encountered by the c29clang
compiler:
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the c29clang compiler will emit the following diagnostic:

warning: _ TMS320C28XX__ is a legacy TI macro that is not defined
in clang compilers and will evaluate to 0, use '(__C29_ARCH == 0)
instead [-Wti-macros]

The warning can then be averted by replacing the __TMS320C28XX__ symbol reference with the
following:

However, there are other proprietary TI pre-defined macro symbols, like
__TMS320C28XX_VCRC__, that do not have a viable alternative, so the following code:

yields the following diagnostic when encountered by the c29clang compiler:

warning: '_ TMS320C28XX _VCRC__ ' is a legacy TI macro and not,,
wsupported in clang
compilers

For more information about how many of the proprietary TI pre-defined macro symbols can be
converted into their functionally equivalent form, please refer to the Pre-Defined Macro Symbols
section.

Proprietary Tl Intrinsics

The proprietary TI intrinsic “__Imin” is an example of an cl2000 compiler intrinsic that has a
viable alternative form, so when the c29clang compiler encounters the following function:

long __1lmin(long dst, long src)

The c29clang compiler does not provide diagnostics. However, the diagnostic checks provided by
the c29clang-tidy utility suggest converting this intrinsic to the following:

int _ builtin_c29 i32 min32_d(int, int)

int ¢c29 min(int a, int b) {
return _ _builtin_c29 132 min32_d(a, b);
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Not all c12000 intrinsics are as easy as “__Imin” to migrate to a functionally equivalent c29clang
form. For more details on how specific cl2000 intrinsics can be migrated, please refer to the
Intrinsics and Built-in Functions section.

Turning Off the Migration Aid Diagnostics

The migration aid diagnostics for use of proprietary TI macro symbols, pragmas, and intrinsics
are enabled by default in the c29clang compiler. The following c29clang compiler options can be
specified to selectively turn off the migration aid diagnostic categories:

* -Whno-ti-pragmas : to suppress migration aid diagnostics for proprietary TI pragmas

* -Whno-ti-macros : to suppress migration aid diagnostics for proprietary TI pre-defined macro
symbols

* -Wno-ti-intrinsics : to suppress migration aid diagnostics for proprietary TI intrinsics

2.4.3 Pre-Defined Macro Symbols

Many applications support a variety of configurations that are often administered via the use of
pre-defined macro symbols.

While several pre-defined macro symbols supported by the c12000 compiler are also supported by
the c29clang compiler, many are not. For a given c12000 pre-defined macro symbol that is not
supported by the c29clang compiler, there are ways one can successfully transition the use of such
a pre-defined symbol to be compatible with the c29clang compiler.

This section of the “Migrating C and C++ Source Code” chapter of the migration guide lists each
of the pre-defined macro symbols that are supported in the cI2000 compiler and, if conversion
is needed, explains how to modify the C/C++ source to make it compatible with the c29clang
compiler.

For details about macro symbols that are pre-defined by the c29clang compiler, see Generic Com-
piler Pre-Defined Macro Symbols.

Pre-Defined Macro Symbols that are Available in Both cl2000 and c29clang

Some pre-defined macro symbols supported by the cl2000 compiler are also supported by the
c29clang compiler. The following table identifies those pre-defined macro symbols that are sup-
ported by both compilers and require no conversion when migrating an application from cl12000 to
c29clang:
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Sym-
bol

MacroDescription / Comments

_CaO

R¥Tdrces to the _ COUNTER__ macro symbol expand to an
integer value starting from 0. This symbol can be used
in conjunction with a “##” operator in C/C++ source code
to create unique symbol names.

__cpl
plus

uShe __cplusplus symbol is defined if the c12000 or
c29clang compiler is invoked to process a C++ source
file. If the source file in question is an obvious C++
source file with a .cpp extension, then both compilers
define __cplusplus when processing such a file. The
user can also force __cplusplus to be defined via the
¢c12000 -fg option or the c29clang -x c++ option. These
instruct the compiler to process a source file, whether
it is a C++ or C file, as a C++ file.

__DA

([IReferences to the __DATE__ macro symbol expand to a
string representing the date on which the compiler was
invoked. The date is displayed in the form: mmm dd yyyy.

__EL

FThe _ ELF__ macro symbol is defined by both the c12000 and
c29clang compilers, since both generate ELF object format.

__FIL

LIReferences to the __FILE__ macro symbol expand to a string
representation of the name of the source file being compiled.

IN-

Defined if some level of optimization is specified when the compiler is in-

LINE voked.

The c12000 compiler allows C/C++ source code to undefine the

_INLINE symbol to disable some optimization while processing C/C++
source.

The c29clang compiler does not support turning off inlining by

undefining macros. The c29clang compiler additionally supports the

the __ GNUC_GNU_INLINE__, _ GNUC_STDC_INLINE__, and
__ NO_INLINE__ macros, so that

code can test to see what type of inlining is enabled.

__LINReferences to the __LINE__ macro symbol expand to an

integer constant indicating the current source line in
the source file. The value of the integer constant
depends on which source line the macro symbol is referenced.

_ ST

DBoth the c12000 and c29clang compilers define the

__STDC__ macro symbol to indicate compliance with the

ISO C standard. Please refer to the TI C28x Optimizing C/C++
Compiler User’s Guide for exceptions to ISO C compliance
that apply to the c12000 compiler. Exceptions to ISO C
compliance in the c29clang compiler can be found in

the TT C29x Clang Compiler User Guide.

ST

DChédOSTEIC HOSTED __ macro symbol is always defined to 1 to indicate

2.4.
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target is a hosted environment, meaning the standard C library is available.

_ ST

DCheNO STBRENDSTHREADS___ macro symbol is not defined.

The comoiler does not sunnort C11 threads and does not provide
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Converting cl2000 Pre-Defined Macro Symbols to c29clang Compatible Form

Several 12000 pre-defined macro symbols are not supported by c29clang, but these macro symbols
can often be re-written in terms of GCC pre-defined macro symbols that c29clang does support.
The following table lists c12000 pre-defined macro symbols that are not supported by the c29clang
compiler, and how they may be converted to a form that is supported by c29clang:

¢l2000 Macro Symbol | c29clang Equivalent
__little_endian__ defined(_ LITTLE_ENDIAN_)

The c12000 compiler defines the __little_endian__ macro symbol to indicate that the
compiler uses little-endian mode. References to __little_endian__ can safely be re-
placed with a test that evaluates to True, since the C29x architecture does not support
big-endian mode.

The c29clang compiler defines the _LITTLE_ENDIAN_ macro symbol in all cases,
because only little-endian mode is supported.

cl2000 Macro Symbol | c29clang Equivalent
_ PTRDIFF_T_TYPE__ | _ PTRDIFF_TYPE__

The cI2000 compiler defines the __PTRDIFF_T_TYPE__ macro symbol to indicate
the equivalent base type associated with the ptrdiff_t type.

The c29clang compiler defines _ PTRDIFF_TYPE__ to reflect the underlying type
for the ptrdiff_t typedef.

¢l2000 Macro Symbol | c29clang Equivalent
_SIZE_T_TYPE__ _SIZE_TYPE_

The c12000 compiler defines the __SIZE_T_TYPE__ macro symbol to indicate the
equivalent base type associated with the size_t type.

The c29clang compiler defines _ SIZE_TYPE__ to reflect the underlying type for the
size_t typedef.

cl2000 Macro Symbol c29clang Equivalent
_ TI_COMPILER_VERSION__ | _ ti_version__

The 12000 compiler defines the __TI_ COMPILER_VERSION___ macro symbol to a
7-9 digit integer, depending on if X has 1, 2, or 3 digits. The number does not contain
a decimal. For example, version 3.2.1 is represented as 3002001. The leading zeros
are dropped to prevent the number being interpreted as an octal.

The c29clang compiler defines __ti_version__ to encode the major, minor, and patch
version number values associated with the current release, where:
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<encoding> = <major> * 10000
<minor> *x 100
<patch>

For 3.2.1.LTS, for example, the value of <encoding> would be 30201.

¢l2000 Macro Symbol | c29clang Equivalent
_ TILEABI _ defined(__ELF_ )

Both the c12000 and c29clang compilers support the generation of ELF object format
code only. Consequently, the c12000 __TI_EABI__ macro symbol is always defined
when the c12000 compiler 1s invoked.

c29clang does not support __TI_EABI__, but it does support the _ ELF__ macro
symbol which is also supported by cl2000. Therefore, references to __TI_EABI__ in
the C/C++ source can be safely replaced by __ELF__.

cl2000 Macro Symbol c29clang Equivalent
__TI_GNU_ATTRIBUTE_SUPPORT___ | defined(__clang__)

The c12000 compiler defines the __TI_GNU_ATTRIBUTE_SUPPORT__ macro sym-
bol to indicate that a C/C++ dialect mode where generic attributes is supported.
c29clang does not support an analogous macro symbol, but generic attributes are sup-
ported by c29clang, nonetheless.

cl2000 Macro Symbol c29clang Equivalent
__TI_STRICT_ANSI_MODE__ | _ STRICT_ANSI__

The c12000 compiler defines the __TI_STRICT_ANSI_MODE__ macro symbol to 1
if the c12000 compiler is invoked with the --strict_ansi option. The cI2000 compiler
defines __TI_STRICT_ANSI_MODE__ with a value of 0 by default to indicate that
the compiler does not enforce strict conformance to the ANSI C standard.

The c29clang compiler defines the __STRICT_ANSI__ macro symbol if any of the --
std=<spec> options are specified on the c29clang command-line (where spec indicates
the identity of a C or C++ language standard).

¢l2000 Macro Symbol | c29clang Equivalent
__TMS320C2000__ _C29

The cl12000 compiler defines the __TMS320C2000__ macro symbol to true to indi-
cated the application is compiled for the TI C28x architecture.

The c29clang compiler defines __C29__ to 1 if the application is compiled for a C29x
target. See TI C29x-Specific Pre-Defined Macro Symbols for related macro symbols.
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cl2000 Macro Symbol | c29clang Equivalent
__WCHAR_T_TYPE__ | _ WCHAR_TYPE__

The c12000 compiler defines the _ WCHAR_T_TYPE__ macro symbol to indicate
the equivalent base type associated with the wchar_t type.

The c29clang compiler supports the analogous GCC __WCHAR_TYPE__ macro
symbol to indicate the underlying type for the wchar_t typedef.

Pre-Defined Macro Symbols in cl2000 that are Not Applicable in c29clang

There are several pre-defined macro symbols that are supported by the c12000 compiler that are
either not applicable for c29clang or are simply not supported.

For example, the __TMS320C28XX__ pre-defined macro symbol indicates support for TI C28x,
which does not apply for C29x applications.
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cl2000
Symbol

Macro

Description / Comments

__TMS320C28XX

_The cI12000 __TMS320C28XX__ macro symbol is not
applicable since c29clang does not support the
TI C28x architecture.

__TMS320C28XX
__TMS320C28XX
__TMS320C28XX
__TMS320C28XX

_TheAc12000 __TMS320C28XX_CLAn__ macro symbols are
_fdt Applicable since c29clang does not support the

_Cbrrbl Law Accelerator (CLA) or the CLA compiler.
_CLA2__

__TMS320C28XX
__TMS320C28XX

_FR&J32000 __TMS320C28XX_FPUnn__ macro symbols are
_hitldpplicable since c29clang does not support the
Floating Point Unit (FPU).

__TMS320C28XX

_Théw12000 __TMS320C28XX_IDIV__ macro symbol are
not applicable since c29clang does not support the
IDIV intrinsics.

__TMS320C28XX
__TMS320C28XX
__TMS320C28XX

_Thd612000 _ TMS320C28XX_TMUn__ macro symbols are
_flddafplicable since c29clang does not support the
_Tivgbdometric Math Unit (TMU).

__TMS320C28XX
__TMS320C28XX
__TMS320C28XX

_WIEWHR000 __TMS320C28XX_VCUn__ macro symbols are
_NMChplicable since c29clang does not support the
_Vi&Rli, Complex Math and CRC Unit (VCU).

__TI_STRICT_FP

| MOIREO000 __TI_STRICT_FP_MODE__ macro symbol is
defined to 1 by default to indicate that the

compiler is to be strict about floating-point

math (adherence to the IEEE-754 standard for
floating-point arithmetic). This reflects the

default argument for the --fp_mode option (i.e.
--fp_mode=strict). To instruct the compiler to be
more relaxed about floating-point math, the
--fp_mode=relaxed option can be specified, which
will cause __TI_STRICT_FP_MODE__ to be defined
with a value of 0.

Additional Pre-Defined Macro Symbols Supported in c29clang

The following pre-defined macro symbols are provided by the c29clang but not by the cl12000

compiler.

The c¢29clang compiler defines specific GNU macro symbols that are included in the table below.

These macro symbo

Is are not meant to distinguish GCC as a compiler; instead, they indicate code

compatibility with GCC.
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c29clang Macro Symbol | Description / Comments

__clang

An invocation of c29clang will always define

the __clang__ macro symbol.

__EX-
CEP-
TIONS

The c29clang compiler would define the _ EXCEPTIONS
macro symbol if -fexceptions were specified when
compiling a C++ source file. However, exceptions are

not currently supported by the c29clang compiler.

__GNU

CThe __GNUC__ macro symbol indicates that the

compiler’s C pre-processor is compatible with a
major version of the GNU C pre-processor. The
c29clang compiler’s C pre-processor is
compatible with version 3 of the GNU C
pre-processor.

__GNU

CTheND9dNhEgNBEmpiler defines the

__GNUC_GNU_INLINE___ macro symbol if optimization
is turned on and functions declared inline are

handled in GCC’s traditional gnu90 mode. Object

files will contain externally visible definitions

of all functions declared inline without extern

or static. They will not contain any definitions

of any functions declared extern inline.

__GNU

CITed €X9cIMigIddnpiler defines the

__GNUC_STDC_INLINE___ macro symbol if optimization
is turned on and functions that are declared

inline are handled according to the ISO C99 (or

later) C language standard. Object files will

contain externally visible definitions of all

functions declared extern inline. They will not

contain definitions of any functions declared

inline without extern.

__IN-
CLUDE

The c29clang compiler defines the
LENELUDE_LEVEL__ macro symbol as an integer

L
L

constant indicating the current include level.

For example, if file f1.c includes f2.h and f2.h
contains a reference to _ INCLUDE_LEVEL__, then
that reference to _ INCLUDE_LEVEL__ would
evaluate to 1.

__INT-
MAX 1

The c29clang compiler defines _ INTMAX_TYPE_

['YPteflect the underlying type for the intmax_t

typedef.

__NO_]

INEANBptimization level is specified on the

c29clang command-line, then c29clang defines
the __NO_INLINE___ macro symbol to indicate that
compilation mode.

OP-

If an optimization level is specified via the -O

DT Migresting @ a2} Souree@utibne, then 03

MIZE_|

c29clang defines the __ OPTIMIZE__ macro symbol
to indicate that optimization is enabled for the
current compilation.
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2.4.4 Intrinsics and Built-in Functions

The compiler intrinsics supported by the cl2000 compiler are fully detailed in the TMS320C28x
Optimizing C/C++ Compiler User’s Guide in Section 7.6.

For a list of builtin intrinsics supported by the cI2000 compiler, see the C2000 C29x CPU and
Instruction Set User’s Guide (SPRUIY?2), which is available through your TI Field Application
Engineer.

2.4.5 Pragmas and Attributes

Pragmas

While the c29clang compiler does support some of the same pragma directives that the c12000
compiler supports, there are several pragma directives supported by c12000 that are not supported
by c29clang. Some of these can be converted into their functionally equivalent attribute or pragma
forms while others may be supported in an indirect way or not supported at all. This section walks
through all of the pragma directives that are supported in the c12000 compiler, providing guidance
on how to transition each pragma directive for a project to be built with the c29clang compiler.

In general, if there is a c29clang functionally equivalent attribute or pragma form for an c12000
pragma directive, these should be converted to attribute or pragma form. The use of GNU-like
attributes and pragmas in C/C++ source code is very likely to be portable between c12000 and
c29clang.

cl2000 Pragmas to be Converted to Attribute or Pragma Form

Listed below are several commonly occurring cI2000 pragmas that, when converted to attribute
form, are supported by the c29clang compiler.

* CODE_ALIGN pragma -> aligned attribute
cl2000 pragma:

c29clang functionally equivalent attribute:

_ _attribute_ ((aligned(n)))

The CODE_ALIGN pragma aligns the function along the specified alignment
boundary. The alignment constant must be a power of 2. The CODE_ALIGN
pragma is useful if you have functions that you want to start at a certain boundary.

* CODE_SECTION pragma -> section attribute
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¢12000 pragma:

c29clang functionally equivalent attribute:

__attribute_ ((section( )))

The section attribute can be used to instruct the compiler to generate code associ-
ated with a function into a section called scn_name.

* DATA_ALIGN pragma -> aligned attribute
¢l2000 pragma:

c29clang functionally equivalent attribute:

__attribute_ ((aligned(alignment)))

The aligned attribute instructs the compiler to align the address where the data ob-
ject that the attribute is associated with is defined to a specified alignment bound-
ary (where alignment is indicated in bytes and must be a power of two).

* DATA_SECTION pragma -> section attribute
cl2000 pragma:

c29clang functionally equivalent attribute:

__attribute_ ((section( )))

The section attribute can be used to instruct the compiler to generate the definition
of a data object into a section called scn_name.

* FORCEINLINE pragma -> [[clang::always_inline]] statement attribute
¢12000 pragma:

c29clang functionally equivalent attribute:

[[clang::always_inline]] *statementx;

The [[clang::always_inline]] statement attribute can be used before a statement to
cause any function calls made in that statement to be inlined. It has no effect on
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other calls to the same functions. It cannot be used as a prefix for a declaration
statement, even if that statement calls a function. For example:

[

clang::always_inline]] myFuncl () ;

[
[[clang::always_inline]] i = myFunc2();

The [[clang::always_inline]] attribute is part of the C23 and C++11 standards.

This attribute does not force inline substitution to occur. The compiler only in-
lines a function if it is legal to inline the function. Functions are never inlined
if the compiler is invoked with the -O0 or -fno-inline-functions option. If the -
finline-functions or -O2 (or higher) option is used, the compiler attempts to inline
functions even if they are not called with the [[clang::always_inline]] attribute.
See Optimization Options for more about inlining.

* FUNC_ALWAYS_INLINE pragma -> always_inline function attribute
¢12000 pragma:

c29clang functionally equivalent attribute:

__attribute_ ((always_inline))

The always_inline attribute instructs the compiler to inline the definition of the
function the attribute precedes wherever it is referenced in the C/C++ source code
for an application.

* FUNC_CANNOT_INLINE pragma -> noinline attribute
¢l2000 pragma:

c29clang functionally equivalent attribute:

__attribute_ ((noinline))

The noinline function attribute indicates to the compiler that it should not attempt
to inline the function the attribute is associated with (func_name).

* LOCATION pragma -> location attribute
cl2000 pragma:
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c29clang functionally equivalent attribute:

__attribute_ ((location (address)))

The location attribute can be used to instruct the compiler to generate information
for the linker to dictate the specific memory address where the data object the
attribute is associated with (sym_name) is to be placed.

* NOINIT pragma -> noinit attribute

cl2000 pragma:

c29clang functionally equivalent attribute:

__attribute__ ((noinit))

The noinit attribute instructs the compiler to pass instructions to the linker to
ensure that a global or static data object that the attribute is associated with
(sym_name) does not get initialized at startup or reset.

e NOINLINE pragma -> [[clang::noinline]] statement attribute

¢12000 pragma:

c29clang functionally equivalent attribute:

[[clang::noinline]] *statementx*;

The [[clang::noinline]] statement attribute can be used before a statement to pre-
vent any function calls made in that statement from being inlined. It has no effect
on other calls to the same functions. It cannot be used as a prefix for a declaration
statement, even if that statement calls a function. For example:

[

clang::noinline]] myFuncl ();

(

clang::noinline]] i = myFunc2();

[
[

The [[clang::noinline]] attribute is part of the C23 and C++11 standards.
See Optimization Options for more about inlining.

* PERSISTENT pragma -> persistent attribute
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¢12000 pragma:

c29clang functionally equivalent attribute:

__attribute_ ((persistent))

The persistent attribute can be applied to a statically initialized data object to
indicate to the compiler that the data object that the attribute is associated with
(sym_name) need not be initialized at startup. The data object sym_name will
be given an initial value when the application is loaded, but it is never again
initialized.

* RETAIN pragma -> retain or used attribute

cl2000 pragma:

c29clang functionally equivalent attribute:

__attribute__ ((retain))
__attribute__ ((used))

The retain or used attribute, when applied to a function or a data object, indi-
cates to the linker that the section in which the function or data object is defined
must be included in the linked application, even if there are no references to the
function/data object.

* SET_CODE_SECTION pragma -> clang section text pragma
cl2000 pragma:

c29clang functionally equivalent pragma:

This pragma will place enclosed functions within a named section, which can
then be placed with the linker using a linker command file. Note that use of the
section attribute will take priority over this pragma, and using the pragma means
that enclosed functions will not be placed in individual subsections.

The pragma can be reset by using
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* SET_DATA_SECTION pragma -> clang section data pragma
cl2000 pragma:

c29clang functionally equivalent pragma:

This pragma will place enclosed variables within a named section, which can
then be placed with the linker using a linker command file. Note that use of the
section attribute will take priority over this pragma, and using the pragma means
that enclosed variables will not be placed in individual subsections.

The pragma can be reset by using

* UNROLL pragma -> clang loop unroll pragma
¢l2000 pragma:

c29clang functionally equivalent pragmas:

The c29clang compiler supports a clang loop unroll_count(n) pragma, where n is
a positive integer indicating the number of times to unroll the loop in question. If
the specified value for n is greater than the loop trip count, then the loop will be
fully unrolled.

* WEAK pragma -> weak attribute

¢l2000 pragma:

c29clang functionally equivalent attribute:

__attribute__ ((weak))

The weak attribute can be used to mark a symbol definition as having weak
binding. If a strong definition of the symbol the attribute is associated with
(sym_name) is available from an input object file at link time, it will preempt
this weak definition. However, if a strong definition of sym_name is available in

2.4. Migrating C and C++ Source Code 99



C29 Clang Compiler Tools User Guide, Release v1.0.0.LTS

a referenced archive file, then the linker will not automatically pull in the strong
definition from the archive file to preempt the weak definition.

cl2000 Pragmas That Are Not Available in c29clang

The following c12000 pragma directives are not supported by the c29clang compiler and don’t have
a functionally equivalent attribute form:

* CLINK

FORCEINLINE_RECURSIVE

FUNC_EXT_CALLED

FUNCTION_OPTIONS

MUST_ITERATE

NO_HOOKS

For more information about these pragmas and how they function, please refer to the TMS320C28x
Optimizing C/C++ Compiler User’s Guide (Section 6.9).

Attributes

Both the c12000 and c29clang compilers support the notion of attributes that can be applied to
functions, variables, or types. The attributes supported in c12000 and c29clang follow the guide-
lines for attributes that can be found in the Extensions to the C Language Family section of the
GNU Compiler Collection user guide.

This section provides details of which function, variable, and type attributes are supported in both
the c12000 and c29clang compilers. This section also provides details about which attributes are
supported in the c12000 compiler, but not the c29clang compiler. References to these attributes
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in your application’s source code will need to be addressed in some way before attempting to
compile your application with the c29clang compiler. Finally, this section provides information on
additional attributes that are supported in the c29clang compiler, but not the c12000 compiler.

Function Attributes

The function attributes listed below are supported in both the c12000 and c29clang compilers.
Please consult the Declaring Attributes of Functions page of the GNU Compiler Collection for
more details about what they do.

 alias

__attribute__ ((alias( ))

Declare function to be an alias of “target_fcn”.

* always_inline

_ _attribute_ ((always_inline))

Compiler should inline the definition of this function wherever it is referenced in the
application’s source code.

e const

__attribute_ ((const))

Function has no effect except to compute the return value.

e constructor

__attribute_ ((constructor))

This function needs to be called/executed before main().

¢ format

_ attribute_ ((format (archetype, string index, first_to_check)))

Function takes printf, scanf, strftime, or strfmon style arguments which should be type-
checked against a format string. The string_index argument indicates which function
argument is the format string. The first_to_check argument indicates the first function
argument that is to be checked against the format string.

» format_arg

__attribute_ ((format_arg(string_index)))

2.4. Migrating C and C++ Source Code 101



https://gcc.gnu.org/onlinedocs/gcc/Function-Attributes.html

C29 Clang Compiler Tools User Guide, Release v1.0.0.LTS

The function argument indicated by string_index is to be interpreted as a format string
when passed to a printf, scanf, strftime, or strfmon function that is called from the
function that the format_arg attribute is applied to.

* interrupt

_ _attribute_ ((interrupt ( )))

In c12000, the available “int_kind”’s are: DABT, FIQ, IRQ, PABT, RESET, or UNDEF.
In c29clang, “int_kind” can be: IRQ, FIQ, SWI, ABORT, or UNDEF.

* malloc

__attribute_ ((malloc))

Function may be treated by the compiler as if it were a malloc function.

¢ naked

__attribute__ ( (naked))

Function is to be treated as an embedded assembly function.

e noinline

___attribute_ ((noinline))

Compiler should not attempt to inline this function.

e noreturn

___attribute__ ((noreturn))

Calls to this function will never return to their caller.

* pure

__attribute_ ((pure))

This function has no effect except to compute the return value which is dependent only
on the arguments passed into the function and/or global variables.

e section

__attribute_ ((section( ))

Generate code for the definition of this function into a section named “scn_name”.

e unused
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__attribute__ ((unused))

This function might not be used by an application. The attribute can be useful in that
the compiler knows not to generate a warning when the function is in fact not used.

e used
__attribute__ ((used))
__attribute—_((retain))

Generate code for this function even if the compiler knows that there are no refer-
ences to the function. This attribute is also a synonym for c29clang’s retain attribute
which tells the linker to include this function in the link whether or not it is referenced
elsewhere in the application.

¢ warn_unused_result

___attribute_ ((warn_unused_result))

Compiler will generate a warning if any callers to this function do not use the func-
tion’s return value.

* weak

___attribute__ ((warn_unused_result))

The definition of this function is considered “weak’ meaning that it will be preempted
if a strong definition of the function is encountered among the object files specified
to the linker. Note, however, that if a strong definition of the function is contained in
a referenced archive, it will not automatically be pulled into the link to preempt the
weak definition of the function.

The following list of c12000 function attributes are not supported in the c29clang compiler:
* aligned
* calls
* deprecated

e ramfunc
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Variable Attributes

The variable attributes listed below are supported in both the c12000 and c29clang compilers.
Please consult the Specifying Attributes of Variables page of the GNU Compiler Collection for
more details about what they do.

* aligned

__attribute_ ((aligned(alignment)))

Align this data object to a minimum of the specified alignment argument. The align-
ment argument must be a power of 2.

* deprecated

__attribute__ ((deprecated))

If there are references to this data object in the current application, then the compiler
should generate a warning about remaining references to this data object which has
been marked deprecated.

¢ location

__attribute_ ((location (address)))

The compiler will instruct the linker to place this data object at a specific address at
link time.

¢ noinit

__attribute__ ((noinit))

The compiler will not auto-initialize this data object.

* packed

__attribute__ ((packed))

The packed attribute can be applied to individual fields within a struct or union. This
tells the compiler to relax alignment constraints for a struct or union member that may
be larger than a byte in size. A packed member of a struct or union will be aligned on
a byte boundary and may require an unaligned load or store instruction to be properly
accessed.

* persistent

_ attribute_ ((persistent))
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This data object is initialized once and is not re-initialized again in the event of a
processor reset.

e section

__attribute_ ((section( )))

Generate the definition of this data object into a section named ‘“‘scn_name”.

* transparent_union

_ _attribute_ ((transparent_union))

The transparent_union attribute may be applied to the specification of a union type. If
a function is declared with a parameter of this union type, then the argument type at
the call site to the function determines which member of the union is initialized. A
transparent union can accept an argument of any type that matches that of one of its
members without an explicit cast.

Transparent unions are not supported in C++.

e unused

__attribute_ ((unused))

Avoid generating a diagnostic at compile time if this data object is not referenced.

e used
__attribute__ ((retain))
_ _attribute_ ((used))

Retain the definition of this static data object even if it is not referenced in the com-
pilation unit where it is defined. In the c29clang compiler the used attribute acts as
a synonym for the c29clang’s retain attribute which instructs the linker to include the
definition of this data object in the link even if it is not referenced elsewhere in the
application.

e weak

__attribute__ ((weak))

The weak attribute marks the definition of the variable that it is being applied to as
a “weak” definition, meaning that if a strong definition of the same variable is pro-
vided to the link in another input object file, then that definition will preempt the weak
definition of the variable. Note, however, that if a strong definition is present in a ref-
erenced archive file, the linker will not automatically pull in the strong definition of
the variable from the archive to preempt the weak definition.
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The following list of c12000 variable attributes are not supported in the c29clang compiler:
* aligned
* blocked
* mode
* noblocked
* preserve

* update

Type Attributes

* aligned

__attribute_ ((aligned(alignment)))

The aligned attribute, when applied to a type, instructs the compiler to align the address
where a data object is defined of that type to a minimum of the specified alignment
argument. The alignment argument must be an integer constant that is a power of 2.

* deprecated

_ attribute_ ((deprecated))

The deprecated attribute instructs the compiler to emit warnings for any references to
a type with this attribute. This is useful for finding remaining references to a type that
should no longer be used by an application.

* packed

__attribute__ ((packed))

The packed attribute may be applied to a struct or union type definition. Members
of a packed data structure are stored as closely to one another as possible, omitting
additional bytes of padding between fields that would have been necessary to preserve
alignment of a member within a structure. The packed attribute can only be applied to
the original definition of a struct or union type. It cannot be applied with a typedef to
a non-packed data structure type that has already been defined, nor can it be applied to
the declaration of a struct or union data object.

* transparent_union

__attribute_ ((transparent_union))
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The transparent_union attribute may be applied to the specification of a union type. If
a function is declared with a parameter of this union type, then the argument type at
the call site to the function determines which member of the union is initialized. A
transparent union can accept an argument of any type that matches that of one of its
members without an explicit cast.

Transparent unions are not supported in C++.

¢ unused

__attribute__ ((unused))

Avoid generating a diagnostic at compile time if this type is not referenced.
The following list of c12000 type attributes are not supported in the c29clang compiler:

* byte_peripheral

For Loop Attributes

e TI::unroll for loop attribute -> clang loop unroll pragma

¢12000 attribute:

[[TI::unroll(4)1]1]
for (...)
{

}

c29clang functionally equivalent pragma:

for (...)
{

}

The following c12000 for loop attributes are not supported in the c29clang compiler:

¢ TI::must_iterate
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2.4.6 Migrating CLA Code

The TI C28x (c12000) compiler also compiles for the Control Law Accelerator (CLA). This accel-
erator is not needed when using TI C29x devices because of their improved performance over TI
C28x devices.

In TT C28x applications, files with a .cla file extension and files compiled using the --cla_default
command-line option use the CLA compiler. The CLA compiler can be used only with C source
files, not with C++ source files.

When migrating C code that was compiled with CLA compiler, examine your code to see if
changes are needed. In general, the CLA compiler is more restrictive than the general c12000
compiler. For this reason, few changes are needed to migrate code that was compiled with the
CLA compiler.

Look for the following CLA-specific code and make changes as needed:

* CLA intrinsics: See Table 10-2 in the TMS320C28x Optimizing C/C++ Compiler User’s
Guide (Section 10.2.2) for a list of intrinsics that were recognized only by the CLA compiler.
Find an equivalent c29clang intrisic or write C/C++ code to accomplish the desired behavior.

* Int sizes: The int size for CLA is 32 bits, which is the same size used for c29clang, but
different from the TI C28x int size of 16 bits.

* Pointer sizes: Pointer sizes for CLA are 16 bits, but for c29clang are 32 bits.

» Section names: Sections called .bss_cla and .const_cla are specific to the CLA compiler and
should be changed to .bss and .const. The .scratchpad section was used in place of a system
stack.

You may also want to simplify code that was written in a more compilcated way to work around
CLA limitations. Some of the CLA compiler limitations, which are not present for the c29clang
compiler, were as follows:

* Global and static data were not supported.

CLA code could not call C28x functions.

Recursive function calls were not supported.

* Function pointers were not supported.

C standard libraries were not supported.

There was no C system heap, because there was no support for the malloc() function.
Data shared between C28x and CLA compilers had to be defined in the C28x code.
CLAO and CLAT1 did not support background tasks.

2.4. Migrating C and C++ Source Code 108


http://www.ti.com/lit/pdf/spru514
http://www.ti.com/lit/pdf/spru514

C29 Clang Compiler Tools User Guide, Release v1.0.0.LTS

2.5 Migrating Linker Command Files for Use With
c29clang

To a large extent, linker command files for C29x applications that manage the placement of code
and data generated by the cI2000 compiler will also work with object files that are generated by
the c29clang compiler. However, a few adjustments may be needed to make your linker command
file c29clang-friendly.

2.5.1 Explicit Specification of Compiler-Generated Object Files and
Libraries

If your linker command file refers to specific object files, you may need to adjust how those files
are referenced. There are two significant differences that you are likely to run into:

* When compiling and linking in a single step, the c29clang compiler creates temporary names
for compiler-generated object files. For example, given a C source file named xyz.c, the
c29clang compiler generates a temporary object file called xyz-<auto generated number se-
quence>.o that you might want to reference from your linker command file. You should
reference such an object file using a wild-card, ‘xyz*.0’.

* The c29clang compiler generates object files with a ‘.0’ file extension, whereas the default
file extension for an c12000-generated object file is ‘.obj’. You will need to update references
to specific object files in your linker command file to use the ‘.0’ file extension instead of the
‘.obj’ file extension.

2.5.2 Compiler-Generated Section Names

Both the c29clang and c12000 compilers generate code and data into object file sections. However,
there are some differences to be aware of’:

Compiler-Generated Section Names:

Section Description cl2000 Generated Section | c29clang Generated Section
function definitions / code | .text text

const data .const .const, .rodata

initialization tables .cinit .cinit

initialized data .data .data

uninitialized data .bss .bss

As you will notice, the difference is that the c29clang compiler-generated string constants and
some other constants into the .rodata section. In the linker command file, you may need to account
for the placement of .rodata sections.
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Other sections that you typically find in a C29x application are typically defined in the C/C++
runtime libraries and underlying run-time operating system layer.

RTS or RTOS Defined Section Names:

Section Description | cl2000 Generated Section | c29clang Generated Section
arguments (argc/argv) | .args .args

stack space .stack .stack

heap space .sysmem .sysmem

2.5.3 Linker Options

The --rom_model (-c) linker option, which is the default for c12000, is not set by default by the
c29clang compiler when running the linker. Therefore, either the -rom_model (-¢) or --ram_model
(-cr) option must be passed to the linker using either -Xlinker or -W1 on the c29clang command
line or must be specified in the linker command file.

2.6 Migrating Assembly Language Source Code

Applications developed with the c12000 compiler tools may include some source code written in
assembly language.

Use of assembly language is discouraged for c29clang, except for assembly code embedded in
C/C++ source files via asm() statements, which are processed inline by the c29clang integrated
GNU-syntax assembler. For this reason, the TI C29x assembly language syntax is not documented.

When migrating a TI C28x application that contains assembly language source files to a TI C29x
application, it is recommended that you convert assembly language to C/C++ code.

2.6.1 Converting Proprietary Tl C29x asm() Statements Embedded in
C/C++ Source

Embedded in the C/C++ source code for your TI C29x application, you may be making use of
asm() statements. In general, asm() statements are used to insert literal assembly language code
into the compiler generated code for a given compilation unit. The cl2000 compiler supports
a no-frills implementation of asm() statements; what you specify in the string argument to the
asm() statement is exactly what will be inserted into the compiler generated code. The cl2000’s
implementation of asm() statements does not support the notion of C expression operands, for
example.
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The c29clang compiler supports the GCC-style asm() statements that allows for specifying C ex-
pression operands. For example, the following definition of add() contains an example of an em-
bedded GCC-style asm() statement:

int add(int i, int j) {
int res;
asm (
(res)
(1), (3))
return res;

}

where (res) is an output operand and (i) and (j) are input operands. If compiled with optimization
(-O1 option), the c29clang compiler will generate the following instructions for the above function:

add:
add r0, ril
bx 1lr

For more information about using GCC-style asm() statements, please refer to How to Use Inline
Assembly Language in C Code in the C Extensions part of Using the GNU Compiler Collection
(GCC) online documentation.

Note: Use Caution When Defining Symbols Inside an asm() Statement

Inlining a function that contains an asm() statement that contains a symbol definition when com-
piling with the c29clang compiler can cause a “symbol multiply defined” error.

Please see Inlining Functions that Contain asm() Statements for more details.
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CHAPTER
THREE

C29CLANG COMPILER USER MANUAL

The TT C29x Clang Compiler Tools, commonly referred to in this user guide as c29clang, support
the development of software applications intended to run on a C29x processor.

This section of the documentation provides a detailed description of each of the parts of the
c29clang compiler toolchain. It provides guidance on how these tools can be used to develop
C29x applications.

Contents:

3.1 Using the C/C++ Compiler

This section of the c29clang Compiler User Manual describes the c29clang compiler, the compiler
options that can be specified on the ¢29clang command-line, and how the compiler works with the
linker to produce static executables that can be loaded and run on a C29x processor.

Contents:

3.1.1 About the Compiler

The TI C29x Clang Compiler (c29clang) lets you compile, optimize, and link an application in one
step. The compiler performs the following steps on one or more source modules:

* The c29clang compiler compiles one or more of the following types of input files:
— C source files (with .c file extension)

— C++ source files (with .C and/or .cpp file extensions)

Note: The -x option can be used on the c29clang command line to instruct the compiler how to
interpret input files if the default file extension interpretation is not appropriate for your application.
For more information about the -x option, see Using -x Option to Control Input File Interpretation.
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* Internally, the c29clang compiler generates assembly code and assembles the assembly files
to create object modules. But, you do not need to be concerned with assembly code when
using the C29x code generation tools.

* By default, the c29clang compiler then invokes the linker to create a static executable file
from the object modules that were generated in the compile/assemble step. (The linker is
also available using the ¢29Ilnk command line.)

Note: The link step can be disabled using the -¢ option on the ¢29clang command line. See Stop
Compiler After Object File Output (Omit Linking)

3.1.2 Invoking the Compiler

Usage

To invoke the c29clang compiler, enter:
c29clang [options] [filenames]
* ¢29clang - Command that runs the compiler and other tools (the linker, for example).

* options - Options that affect the way that the compiler tools process input files. These may
include:

— c¢29clang options - affect the behavior of the C/C++ compiler. These are described in
more detail in the Compiler Options section.

— Linker options - are prefixed with either the -WI, or -Xlinker option indicating that the
option that follows should be passed directly to the linker. Linker options are described
in more detail in Linker Options. See Passing Linker Options: -WI, and -Xlinker for
more about passing options to the linker.

Note: The linker is invoked by default from a ¢29clang command line, but you can
disable the link step by specifying the -c option on the ¢29clang command line. You
can invoke the linker by itself using the ¢29Ink command line.

* filenames - One or more input files. These may include:

— C source files - by default, an input file with a .c file extension is interpreted as a C
source file. You may also use the -x ¢ option to instruct c29clang to interpret subsequent
input files as C source files.

— C++ source files - by default, an input file with a.C or .cpp file extension is interpreted
as a C++ source file. You may also use the -x c++ option to instruct c¢29clang to
interpret subsequent input files as C++ source files.
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— ELF object files - by default, an input file with a .o file extension is interpreted as an
ELF object file.

Note: For more information about the ¢29clang -x option and controlling how ¢29clang interprets
input files, see the Using -x Option to Control Input File Interpretation section.

Example

The following simple example shows how the ¢29clang command can be used to build an ELF
format static executable file that can be loaded and run on a C29x processor.

Source Files There are two input files to specify on the c29clang command line.

The C file print_global.c references a global variable that is defined in a second C file def_global.c
and prints out the value of that global variable.

Contents of print_global.c:

extern int a_global;

int main () {
printf ( , a_global);
return O;

}

Contents of def _global.c:

In addition, the linker command file /nkme.cmd is stored in the current working directory. This
linker command file provides a specification of the available memory and how to place com-
piler/linker generated output sections in that memory.

Contents of Inkme.cmd:

(continues on next page)
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(continued from previous page)

/#* 1lnk.cmd - V1.00 Command file for linking C29 programs
— */
/

(IO S IR R S b b b b b g b b b b i b g b b b b g b i b b b b i b i b b b b g b g g b b b b b g b g b b g b b b g b b b b i b g 4

—

.
/* This linker command file assumes C/C++ model .
< */

/

(IO P IR IR S g b b b g b g b b b b i b g b b b b g b g b b b b i b g b g b b g b g b g b b b b g b g b b g b i b g b b b b i b g
.

-c

-stack 0x8000 /% Software stack,
wsize */

-heap 0x2000 /+ Heap area size L
— */

/* Specify the system memory map */

MEMORY

{
ROM : org = 0x00000020 len = O0x2FFFEOQ /% 1.25 GB */
FLASH : org = 0x10000000 len = 0x300000 /% 1.25 GB =/
RAM : org = 0x18000000 len = 0x300000 /* 1.25 GB */

}
#define RO _CODE FLASH

#define RO DATA FLASH
#define RW DATA RAM

/* Specify the sections allocation into memory #*/

SECTIONS
{

.text : {} > RO_CODE /* Code L
o */

.cinit : {} > RO_DATA /* Initialization tables |,
= */

.const : {} > RO_DATA /* Constant data .
— */

.pinit : {} > RO_DATA /* C++ Constructor tables,,
o */

.data : {} > RW_DATA /* Initialized variables
— */

(continues on next page)
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(continued from previous page)

.bss : {} > RW_DATA .
.stack : {} > RW_DATA O
.sysmem : {} > RW_DATA .

—

}

Compile and Link Steps Explained The following ¢29clang command compiles and links the
input files to create a static executable file called a.out:

%> c29clang —mcpu=c29.c0 print_global.c def global.c —-o a.out -
—~Xlinker lnkme.cmd

The above ¢29clang command performs the following actions during the process of building the
static executable file a.out:

Compile and Link (Default Operation)

The default behavior of the c29clang compiler is to compile the specified source files into tempo-
rary object files, and then pass those object files along with any explicitly specified object files and
any specified linker options to the linker.

In the following example, assume that the C code in filel.c references a data object that is defined
in an object file named file2.0. The specified c29clang command compiles filel.c into a temporary
object file. That object file, along with file2.0 and a linker command file, link_test.cmd, is input
to the linker and linked with applicable object files from the c29clang runtime libraries to create
an executable output file named test.out:

c29clang -mcpu=c29.c0 filel.c file2.0 =-o test.out -Wl,link_test.
—cmd

More About Invoking the Linker With c29clang

Note that there is no mention of the c29clang runtime libraries on the c29clang command line or
inside of the link_test.cmd linker command file. When the linker is invoked from the ¢29clang
command line, the c29clang compiler implicitly tells the linker where to find applicable runtime
libraries like the C runtime library (libc.a).

More specifically, the following options are implicitly passed from ¢29clang directly to the linker:

3.1. Using the C/C++ Compiler 116




C29 Clang Compiler Tools User Guide, Release v1.0.0.LTS

—-I<install directory>/1lib

—-—start—=group =-llibc++.a =llibc++abi.a =llibc.a =llibsys.a \
—-llibsysbm.a =llibclang_rt.builtins.a \
—-llibclang_rt.profile.a —--end-group

* -I <install directory>/lib - tells the linker where to find the c29clang runtime libraries

 --start-group/--end-group - specifies exactly which runtime libraries are incorporated into
the link

In the above c29clang command line, the -WI, prefix in front of the specification of the
link_test.cmd file name indicates to the compiler that the link_test.cmd file should be input di-
rectly into the linker (you can also use the -Xlinker prefix for this purpose).

Run Preprocesser Only

The -E option causes the compiler to halt after running the C preprocessor and send the prepro-
cessed output to the output location.

c29clang -E [options] [filenames]

If no other options on the command line specify an output location, the preprocessed output is sent
to stdout. If, for example, the -E option is used in combination with the -0 option, the preprocessed
output is sent to the file specified with the -o option. In this case, the file that would normally be a
binary object file instead contains text.

The -E option is often combined with other preprocessor options like -dD, -dI, or -dM to further
regulate the behavior of the C preprocessor. In the following example, the -E option is combined
with -dD to print macro definitions in addition to normal preprocessor output:

c29clang -mcpu=c29.c0 -E —-dD filel.c

For more information about preprocessor options, see the Preprocessor Options section.

Run Preprocesser and Syntax-Checking Only
The -fsyntax-only option instructs ¢29clang to run the C preprocessor, parse the C/C++ input file
to check for syntax errors, and perform type checking before halting compilation.

c29clang -fsyntax-only [options] [filenames]

The -fsyntax-only option can be useful for finding simple syntax and type usage errors in the
C/C++ source without incurring additional compile time early on in the development of newly
written code.
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Stop Compiler After Assembly Output

Note: Internally, the c29clang compiler normally generates assembly code and assembles the
assembly code to create object modules. You do not need to be concerned with assembly code
when using the C29x code generation tools. The assembly syntax for C29x is undocumented; it
may change without notice in future versions.

Using the -S option causes the compiler to generate assembly files from C or C++ source files
that are specified on the command line. When -S is specified on the command line, compilation
stops after the assembly files are emitted, preventing the compiler from generating object files or
invoking the linker.

c29clang -S [options] [filenames]

The following example generates assembly files, filel.s and file2.s, each containing compiler-
generated GNU-syntax C29x assembly language directives and instructions:

c29clang =S -mcpu=c29.c0 filel.c file2.c

Stop Compiler After Object File Output (Omit Linking)

You can avoid invoking the linker by specifying the -¢ option on the ¢29clang command line.
c29clang -c [options] [filenames]

The following example generates object files filel.o and file2.0 from the C files filel.c and file2.c,
respectively:

c29clang —=c -mcpu=c29.c0 filel.c file2.c

3.1.3 Compiler Options

This section of the c29clang Compiler User Manual serves as a reference guide for the available
command-line options that affect the behavior of the c29clang executable.

Contents:
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Commonly Used Options

The commonly used options listed in the subsections below are available on the ¢29clang compiler
command line.

* Processor Options

* Include Options

* Predefined Symbol Options
* Optimization Options

* Debug Options

» Control Options

* Compiler Output Option

Processor Options
Select a Target C29x Processor

-mcpu=<processor>
Select the target <processor> version.

The c29clang compiler currently supports only the following C29x processor variant:
* -mcpu=c29.c0 - C29x instructions

If the -mcpu option is not specified on the ¢29clang command-line, the compiler assumes a default
of -mcpu=c29.c0.

Endianness

C29x devices are always little-endian. No command-line options are provide to specify or change
this.
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Floating-Point Support Options

The C29x CPU can perform native 32-bit and 64-bit floating-point hardware operations on the
CPU, without sending data to a separate FPU for processing.

-mfpu=<arg>

Native support for 32-bit floating-point operations is always provided for C29x. Optionally, you
can also enable 64-bit hardware instructions for floating-point operations using the -mfpu option,
which can have either of the following settings:

* -mfpu=none - Use native 32-bit floating-point hardware operations, but emulate 64-bit
floating-point operations in software.

* -mfpu=£f64 - Use native 32-bit and 64-bit floating-point hardware operations.

Include Options

The c29clang compiler utilizes the include file directory search path to locate a header file that is
included by a C/C++ source file via an #include preprocessor directive. The c29clang compiler im-
plicitly defines an initial include file directory search path to contain directories relative to the tools
installation area where C/C++ standard header files can be found. These C/C++ standard header
files are considered part of the c29clang compiler package and should be used in combination with
linker and the runtime libraries that are included in the c29clang compiler tools installation.

—-I<dir>
The -I option lets you add your own directories to the include file directory path, allowing
user-created header files to be easily accessible during compilation.

Predefined Symbol Options

In addition to the pre-defined macro symbols that the c29clang compiler defines depending on
which processor options are selected, you can also manage your own symbols at compile-time
using the -D and -U options. These options are useful when the source code is configured to
behave differently based on whether a compile-time symbol is defined and/or what value it has.

—D<name> [=<value>]
A user-created pre-defined compile symbol can be defined and given a value using the -D
option. In the following example, MySym will be defined and given a value 123 at compile-
time. MySym will then be available for use during the compilation of the test.c source
file.

c29clang —-mcpu=c29.c0 -DMySym=123 —c test.c
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—U<name>
The -U option can be used to cancel a previous definition of a specified <name> whether it
was pre-defined implicitly by the compiler or with a prior -D option.

Optimization Options

To enable optimization passes in the c29clang compiler, select a level of optimization from among
the following -O[0I112I3Ifastiglslz] options. In general, the options below represent various levels
of optimization with some options designed to favor smaller compiler generated code size over
performance, while others favor performance at the cost of increased compiler generated code
size.

Among the options listed below, -Oz is recommended as the optimization option to use if small
compiler generated code size is a priority for an application. Using -Oz retains performance gains
from many of the -O2 level optimizations that are performed.

-00
No optimization. This setting is not recommended, because it can make debugging difficult.

-01 or -O
Restricted optimizations, providing a good trade-off between code size and debug-ability.

Most optimizations enabled; some optimizations that require significantly additional compile
time are disabled.

All optimizations available at -O2 plus others that require additional compile time to per-
form.

—-Ofast
All optimizations available at -O3 plus additional aggressive optimizations with potential
for additional performance gains, but also not guaranteed to be in strict compliance with
language standards.

Restricted optimizations while preserving debuggability. All optimizations available at -O1
are performed with the addition of some optimizations from -O2.

All optimizations available at -O2 plus additional optimizations that are designed to reduce
code size while mitigating negative impacts on performance.

All optimizations available at -2 plus additional optimizations to further reduce code size
with the risk of sacrificing performance.

Note: Optimization Option Recommendations:
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* The -O1 option is recommended for maximum debuggability.
* The -Oz option is recommended for optimizing code size.

* The -O3 option is recommended for optimizing performance, but it is likely to increase
compiler generated code size.

Debug Options

The c29clang compiler generates DWARF debug information if the -g or -gdwarf-3 option is
selected.

—-g or —gdwarf-3
Emit DWARF version 3 debug information

Control Options

The default behavior of the c29clang compiler is to compile the specified source files into tempo-
rary object files, then pass those object files along with any explicitly specified object files and any
specified linker options to the linker.

Several c29clang compiler options can be used to change this behavior and halt compilation at
different stages:

-c
Stop compilation after emitting compiler-generated object files; do not call linker.

Stop compilation after the pre-processing phase of the compiler; this option can be used in
conjunction with several other options that provide further control over the pre-processor
output:

* -dD - Print macro definitions in addition to normal preprocessor output.
* -dI - Print include directives in addition to normal preprocessor output.
* -dM - Print macro symbol definitions instead of normal preprocessor output.

-S
Stop compilation after emitting compiler-generated assembly files; do not call assembler or
linker.

See Invoking the Compiler for examples.
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Compiler Output Option

—o<file>
The -0 option names the output file that results from a ¢29clang command. If c29clang
is used to compile and link an executable output file, then the -0 option’s <file> argu-
ment names that output file. If no -0 option is specified in a compile and link invocation
of c29clang, then the linker produces an executable output file named a.out.

If the compiler is used to process a single source file, then the -0 option names the output
of the compilation. This is sometimes useful in case there is a need to name the output file
from the compiler something other than what the compiler produces by default.

In the following example, the output object file from the compilation of C source file
task_42.c is named task.o by the -0 option, replacing the task_42.0 file that would normally
be generated by the compiler:

c29clang -mcpu=c29.c0 -c task_42.c -o task.o

Processor Options

e Select Processor

o Select Floating-Point Code Generated

e Select Endianness

Select Processor

-mcpu=<arg>

Instruct the compiler to generate code for the C29x processor variant indicated by <arg>, where
<arg> can be:

e ¢29.c0

Since only one C29x option is currently recognized, this setting is the default. The -mcpu option
is not required.
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Select Floating-Point Code Generated

The C29x CPU can perform native 32-bit and 64-bit floating-point hardware operations on the
CPU, without sending data to a separate FPU for processing.

-mfpu=<arg>

Native support for 32-bit floating-point operations is always provided for C29x. Optionally, you
can also enable 64-bit hardware instructions for floating-point operations using the -mfpu option,
which can have either of the following settings:

* -mfpu=none - Use native 32-bit floating-point hardware operations, but emulate 64-bit
floating-point operations in software.

* -mfpu=£f64 - Use native 32-bit and 64-bit floating-point hardware operations.

Select Endianness

C29x devices are always little-endian. No command-line options are provide to specify or change
this.

C/C++ Language Options

The ¢29clang compiler’s -std option allows you to specify which C or C++ language standard the
compiler should adhere to when processing C or C++ source files.

The supported C and C++ language variants are described below.

Note: Default C/C++ Language Standard

If no -std option is specified on the c29clang command line, then -std=gnul7 is assumed for C
source files and -std=gnu++17 is assumed for C++ source files.

C Language Variants (-std)

For C <language-variants> of the form cNN, the compiler pre-defines the __ STRICT_ANSI__
macro symbol to 1.

-std=c89, -std=c90
C as defined in the ISO C 1990 standard

-std=c99, -std=c9x
C as defined in the ISO C 1999 standard
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-std=cll, -std=clx
C as defined in the ISO C 2011 standard

-std=cl7, -std=cl8
C as defined in the ISO C 2017 standard, which addressed C11 defects without adding any
new features

For C <language-variants> of the form gnuNN, GNU C language extensions are supported and
the compiler does not define the _ STRICT_ANSI_ macro symbol.

-std=gnu89, -std=gnu90
C as defined in the ISO C 1990 standard with GNU extensions

-std=gnu99, -std=gnu9x
C as defined in the ISO C 1999 standard with GNU extensions

-std=gnull, -std=gnulx
C as defined in the ISO C 2011 standard with GNU extensions

-std=gnul?7, -std=gnul8
C as defined in the ISO C 2017 standard with GNU extensions. This is the default for C files
if no -std option is defined.

C++ Language Variants (-std)

For C++ <language-variants> of the form c¢++NN, the compiler pre-defines the
__STRICT_ANSI__ macro symbol to 1.

-std=c++98, -std=c++03
C++ as defined in the ISO C++ 1998 standard with amendments

-std=c++11
C++ as defined in the ISO C++ 2011 standard with amendments

-std=c++14
C++ as defined in the ISO C++ 2014 standard with amendments

—-std=c++17
C++ as defined in the ISO C++ 2017 standard with amendments

Note: C++ support is based on a library that is focused on support for C++17. If you specify an
earlier version of the C++ standard, it is not guaranteed that features that were not required by that
standard will be unsupported.

For C++ <language-variants> of the form gnulNN, GNU C language extensions are supported and
the compiler does not define the __STRICT_ANSI__ macro symbol.
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-std=gnu++98, -std=gnu++03
C++ as defined in the ISO C++ 1998 standard with amendments and GNU extensions

-std=gnu++11
C++ as defined in the ISO C++ 2011 standard with amendments and GNU extensions

-std=gnu++14
C++ as defined in the ISO C++ 2014 standard with amendments and GNU extensions

-std=gnu++17
C++ as defined in the ISO C++ 2017 standard with amendments and GNU extensions. This
is the default for C++ files if no -std option is defined.

See Characteristics and Implementation of C29x C++ for details about C++ 2017 support.

C/C++ Run-Time Standard Header and Library Options

—-nostdlib, ——-no-standard-libraries
Avoid linking in the C/C++ standard libraries. This is useful when partially linking an appli-
cation, or when you want to link against your own standards-compliant libraries.

—-nostdinc, —-no-standard-includes
Do not incorporate the C/C++ runtime header file directory, the compiler builtin include
directory, or the standard system include directory in the default definition of the include file
directory search path.

—-nostdlibinc
Do not incorporate the C/C++ runtime header file directory or the standard system include
directory into the include file directory search path, but do incorporate the compiler’s builtin
include directory.

Run-Time Type Information (RTTI) Options

—frtti, —-fno-rtti
The ¢29clang compiler allows you to support Run-Time Type Information (RTTI) features,
such as the dynamic_cast operator, the typeid operator, and the type_info class.

By default RTTI support is disabled, which is equivalent to using the -fno-rtti option.
When RTTI support is disabled, use of the typeid operator causes an error. Use of
dynamic_case causes an error only in certain situations.

To explicitly enable RTTI support, use the -frtti option.
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Runtime Model Options

—fcommon, -fno—-common
The -fcommon option is disabled by default.

For C source code, enabling this option causes uninitialized global variable definitions to
be treated as tentative definitions. If the -fcommon option is enabled, uninitialized global
variables are placed in a common block. The linker then resolves all tentative definitions of
the same global variable in different compilation units to a single data object definition.

—-fdata-sections, —-fno-data-sections
The -fdata-sections option is enabled by default and instructs the c29clang compiler to gen-
erate code for the definition of a data object into its own section. This default behavior can
be overridden by specifying the fno-datasections on the ¢29clang command line. You can
also dictate what section the data object will be defined in by attaching a section attribute to
the data object in the C/C++ source code.

—ffunction-sections, —-fno-function-sections
The -ffunction-sections option is enabled by default and instructs the c29clang compiler to
generate code for a function definition into its own section. This default behavior can be
overridden by specifying the fno-function-sections on the ¢29clang command line. You can
also dictate what section the compiler will generate code for a function definition into by
attaching a section attribute to the function in the C/C++ source code.

—fshort—-enums, —-fno-short—-enums
The -fshort-enums option instructs the compiler to only allocate as much space for an enum
type data object as is needed to represent the declared range of possible values. This is the
default behavior assumed by the c29clang behavior. You can override this default behavior
using the -fno-short-enums option that allocates 4 bytes for an enum type data object even if
the range of values for a given enum type data object can be represented with fewer bytes.

—fshort-wchar, —-fno-short-wchar
The default size for the wchar_t type is 32-bits, which is analogous to the frno-short-wchar
option. The runtime libraries provided with the c29clang toolchain installation are all built
assuming a wchar_t type size of 32-bits. If you compile a C/C++ source file with the -
fshort-wchar option to indicate that the wchar_t type size should be assumed to be 16-bits,
you will encounter a link-time warning indicating that the newly compiled object file is not
compatible with object files in the runtime libraries.

—funsigned-char, -fsigned-char or -fno-unsigned-char
A plain char type is treated as unsigned char by default in the ¢29clang compiler. This
matches the semantics for the -funsigned-char option. This behavior can be overridden with
the use of the -fsigned-char or -fno-unsigned-char option, which indicates that a plain char
type is to be interpreted as signed char.
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Symbol Management Options

Define/Undefine Symbols

You can define or undefine a symbol on the ¢29clang command line with the -D and -U options.
These can be useful for selecting a particular configuration of your source code from the command
line.

-D<symbol> [=<value>]
Define a <symbol> with the specified <value>. If no <value> argument is provided, then
the <symbol>’s value will be set to 1. A symbol defined on the command line via the -D
option is equivalent to a pre-defined macro symbol.

—-U<symbol>
Undefine an existing pre-defined macro <symbol>.

Symbol Visibility

An important part of creating shared objects is managing which symbols defined within a shared
object are available to be linked against from outside the shared object.

—fvisibility=<visibility_kind>
Set the default ELF image symbol visibility to the specified <visibility_kind>. All sym-
bols are marked with the specified <visibility_kind> unless explicitly overridden within the
C/C++ source code.

Symbols that are declared extern are not affected by the use of the -fvisibility option.
The available <visibility kind> settings are:

* default - Indicates that symbols have public visibility by default and can be linked
against from outside a shared object. Global and weak symbols with public visibility
can be preempted by definitions of a symbol with the same name from an object outside
of the shared object.

* hidden - Indicates that symbols are not available to be linked against from outside a
shared object by default.

* protected - Indicates that symbols defined in a shared object are visible outside of the
shared object, but cannot be preempted. A reference to a protected symbol from within
the shared object in which it is defined must be resolved by the definition in that shared
object.
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Preprocessor Options
With the -E option, you can instruct the c29clang compiler to stop after the preprocessor phase of
compilation:

-E, —--preprocess
Halt compilation after running the C preprocessor.

Preprocessor Options

c29clang options that control the behavior of the C preprocessor:

-C, ——-comments
Include comments in preprocessed output.

—-CC, ——-comments—-in-macros
Include comments from within macros in preprocessed output.

—-D<macro>=<value>
Define <macro> symbol to <value> (or 1 if <value> omitted).

-H, —--trace-includes
Show header includes and nesting depth.

-P, ——-no-line-commands
Disable linemarker output in -E mode.

=U<macro>
Undefine <macro> symbol.

-Wp, <argl>, <arg2>...
Pass the comma separated arguments in <argIN> to the preprocessor.

—Xpreprocessor <option>
Pass <option> to the preprocessor.

Dependency File Generation

c29clang options that control generation of a dependency file for make-like build systems.

—-M, —--dependencies
Like -MD, but also implies -E and writes to stdout by default.

-MD, --write-—dependencies
Write a dependency file containing user and system headers.

-MF<file>
Write dependency file output from -MMD, -MD, -MM, or -M to specified <file>.
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-MG, --print-missing-file-dependencies
Add missing headers to dependency file.

-MJ<arg>
Write a compilation database entry per input.

-MM, --user-dependencies
Like -MMD, but also implies -E and writes to stdout by default.

-MMD, —--write—-user-dependencies
Write a dependency file containing user headers.
-MP
Create phony target for each dependency (other than main file).

-MQ<arg>
Specify name of main file output to quote in dependency file.

—-MT<arg>
Specify name of main file output in dependency file

Dumping Preprocessor State

c29clang options that allow the state of the preprocessor to be dumped in various ways.

-dD
Print macro definitions in -E mode in addition to normal output.

-dI
Print include directives in -E mode in addition to normal output.

-dM
Print macro definitions in -E mode instead of normal output.

Optimization Options

To enable optimization passes in the c29clang compiler, select a level of optimization from among
the following -O[0I11213Ifastlglslz] options. In general, the options below represent various levels
of optimization with some options designed to favor smaller compiler generated code size over
performance, while others favor performance at the cost of increased compiler generated code
size.
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Optimization Level Options

Note:

Optimization Option Recommendations
The -O0 option is not recommended.
The -O1 option is recommended for maximum debuggability.
The -Oz option is recommended if small compiler generated code size is a priority.

The -O3 option is recommended for optimizing performance, but it is likely to increase
compiler-generated code size.

-00

-01,

-02

-03

Performs no optimization.

This optimization level is not recommended for C29x devices; when no optimization is
performed, operations are inefficient and runtime behavior is significantly degraded. Use at
least the -O1 optimization level.

-0
Enables restricted optimizations, providing a good trade-off between code size and debug-
gability. This option is recommended for maximum debuggability.

Enables most optimizations, but some optimizations that require significant additional com-
pile time are disabled.

Enables all optimizations available at -O2 plus others that require additional compile time to
perform. This option is recommended for optimizing performance, but it is likely to increase
compiler-generated code size.

This optimization level enables software pipelining.

-Ofast

Enables all optimizations available at -O3 plus additional aggressive optimizations that have
the potential for additional performance gains, but are not guaranteed to be in strict compli-
ance with language standards.

Enables restricted optimizations while preserving debuggability. All optimizations available
at -O1 are performed with the addition of some optimizations from -O2.

Enables all optimizations available at -O2 plus additional optimizations that are designed to
reduce code size while mitigating negative impacts on performance.
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Enables all optimizations available at -O2 plus additional optimizations to further reduce
code size with the risk of sacrificing performance. Using -Oz retains performance gains
from many of the -02 level optimizations that are performed. This optimization setting is
recommended if small code size is a priority.

More Specialized Optimization Options
Floating-Point Arithmetic

—ffast-math, —-fno—-fast-math
Enable or disable ‘fast-math’ mode during compilation. By default, the ‘fast-math’ mode is
disabled. Enabling ‘fast-math’ mode allows the compiler to perform aggressive, not neces-
sarily value-safe, assumptions about floating-point math, such as:

* Assume floating-point math is consistent with regular algebraic rules for real numbers
(e.g. addition and multiplication are associative, X/y ==x * 1/y,and (a+b) *c==a*
c+b*c).

* Operands to floating-point operations are never NaNs or Inf values.
* +0 and -0 are interchangeable.
Enabling the -ffast-math option also causes the following options to be set:
* -ffp-contract=fast
* -fno-honor-nans
* -ffp-model=fast
* -fno-rounding-math
* -fno-signed-zeros

Use of the ‘fast-math’ mode also instructs the compiler to predefine the _ FAST _MATH__
macro symbol.

—ffp-model=<precise|strict|fast>
-ffp-model is an umbrella option that is used to establish a model of floating-point semantics
that the compiler will operate under. The available arguments to the -ffp-model option will
imply settings for the other, single-purpose floating-point options, including -ffast-math,
-ffp-contract, and frounding-math (described below).

The available arguments to the -ffp-model option are:

* precise - With the exception of floating-point contraction optimizations, all other op-
timizations that are not value-safe on floating-point data are disabled (ffp-contract=on
and -fno-fast-math). The c29clang compiler assumes this floating-point model by de-
fault.
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* strict - Disables floating-point contraction optimizations (-ffp-contract=off), honors
dynamically-set floating-point rounding modes (-frounding-math), and disables all
‘fast-math’ floating-point optimizations (-fno-fast-math).

 fast - Enables all ‘fast-math’ floating-point optimizations (-ffast-math) and enables
floating-point contraction optimizations across C/C++ statements (-ffp-contract=fast).

—ffp-contract=<fast|on|off|fast-honor-pragmas>
Instruct the compiler whether and to what degree it is allowed to form fused floating-point
operations, such as floating-point multiply and add (FMA) instructions. This optimization
is also known as floating-point contraction. Fused floating-point operations are permitted
to produce more precise results than would be otherwise computed if the operations were
performed separately.

The available arguments to the -ffp-contract option are:

* fast - Allows fusing of floating-point operations across C/C++ statements, and ignores
any FP_CONTRACT or clang fp contract pragmas that would otherwise affect the
compiler’s ability to apply floating-point contraction optimizations.

* on - Allows floating-point contraction within a given C/C++ statement. The floating-
point contraction behavior can be affected by the use of FP_CONTRACT or clang fp
contract pragmas.

* off - Disables all floating-point contraction optimizations.

* fast-honor-pragma - Same as the fast argument, but the user can alter the behavior via
the use of the FP_CONTRACT and/or clang fp contract pragmas.

—fhonor—nans, -fno-honor-nans
Instructs the compiler to check for and properly handle floating-point NaN values. Use of
the -fno-honor-nans can improve code if the compiler can assume that it doesn’t need to
check for and enforce the proper handling of floating-point NaN values.

—frounding-math, —-fno-rounding-math
By default, the compiler assumes that the -fno-rounding-mode option is in effect. This
instructs the compiler to always round-to-nearest for floating-point operations.

The C standard runtime library provides functions such as fesetround and fesetenv that allow
you to dynamically alter the floating-point rounding mode. If the -frounding-math option
is specified, the compiler honors any dynamically-set floating-point rounding mode. This
can be used to prevent optimizations that may affect the result of a floating-point operation
if the current rounding mode has changed or is different from the default (round-to-nearest).
For example, floating-point constant folding may be inhibited if the result is not exactly
representable.

—fsigned-zeros, —-fno-signed-zeros
Assumes the presence of signed floating-point zero values. Use of the -fno-signed-zeros
option can improve code if the compiler can assume that it doesn’t need to account for the
presence of signed floating-point zero values.
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Inlining and Outlining

Function inlining is supported by the C29x compiler; however, function outlining is not currently
supported.

—finline—-functions, —-fno-inline-functions
Inline suitable functions. The -fno-inline-functions option disables this optimization.

—finline-hint-functions
Inline functions that are explicitly or implicitly marked as inline.

Loop Unrolling

—funroll-loops, -fno—unroll-loops
Enable optimizer to unroll loops. The -frno-unroll-loops option disables this optimization.

Using -x Option to Control Input File Interpretation
The c29clang compiler interprets source files with a recognized file extension in a predictable
manner. The recognized file extensions include:

* .c - Csource file

* .C or .cpp - C++ source file

* .0 - object file to be forwarded on to the linker

The c29clang compiler also supports a -x option that permits you to dictate how an input file is to
be interpreted by the compiler. This can be used to override default file extension interpretations
or to instruct the compiler how to interpret a file extension that is not automatically recognized by
the compiler.

-x <language>
Interpret subsequent input files on the command line as </language> type files.

The following <language> types are available to the -x option:
* -x none - Reset compiler to default file extension interpretation.
* -x ¢ - Interpret subsequent input files as C source files.

* -x c++ - Interpret subsequent input files as C++ source files.

Note:

The -x<language> option is position-dependent. A given -x option on the c¢29clang
command line is in effect until the end of the command line or until a subsequent -x
option is encountered on the command line.
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The following example uses input files with missing or non-standard file extensions. In this case,
the -x options serve to inform c29clang how each input file is to be interpreted:

c29clang —mcpu=c29.c0 —-c =-x c filel —=-x c++ file2.cxx

Passing Options to Other Tools from c29clang

This section of the c29clang Compiler User Manual describes how the c29clang’s -W<x>, and
-X<y> options can be used to pass options from c29clang to other tools in the compiler toolchain.

Passing Linker Options: -WI, and -Xlinker

While the -WI, (W + lowercase L + comma) option allows you to pass multiple linker options from
c29clang to the linker using a single instance of the -WI, option, the -Xlinker alternative may be
useful when you want to explicitly control each particular linker option in a ¢29clang command
line.

Using the -WI, Option

The c29clang -WI, option can be used to identify one or more linker command line options to be
forwarded from c29clang to the linker when the linker is invoked from the ¢29clang command
line.

c29clang [options] [filenames] -W1,*<opt-list>*
* -W], - is the c29clang option that prefixes a list of linker options
* <opt-list> - is a comma-separated list of one or more linker options

In the following example, the -WI, option passes both the --rom_model linker option and the
Inkme.cmd linker command file directly to the linker:

c29clang —-mcpu=c29.c0 hello.c —-o a.out -Wl,—--rom_model, Inkme.cmd
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Using -Xlinker Options

Alternatively, you can use the c29clang -Xlinker option to identify a single linker command line
option to be forwarded from c29clang to the linker when the linker is invoked from the ¢29clang
command line.

c29clang [options] [filenames] -Xlinker <option>
* -Xlinker - is the c29clang option that prefixes a single linker option
* <option> - is the linker option to be passed to the linker

The example command for the -WI1, option could also be written using the -Xlinker option as
follows:

c29clang —mcpu=c29.c0 hello.c -0 a.out —-Xlinker —-rom_model -
—~Xlinker Inkme.cmd

You can find more information about linker options in the Linker Options section.

Passing Preprocessor Options: -Wp, and -Xpreprocessor

See Preprocessor Options for a list of options that can be used to control the preprocessor.

-Wp, <argl>, <arg2>...
Pass the comma separated arguments in <argN> to the preprocessor.

—Xpreprocessor <option>
Pass <option> to the preprocessor.

Diagnostic Options

Controlling Error, Warning, and Remark Diagnostics

The c29clang compiler provides the following options to assist with controlling what errors, warn-
ings, and remarks are emitted during compilation:

—R<remark>
Enable the specified remark category.

-Wall
Enable most warning categories.

—Wextra
Enable the diagnostics that are enabled by -Wall plus a number of additional warning types.

—Werror
Treat detected warnings as errors.
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—Werror=<warning-category>
Treat detected warnings in the specified category as errors.

-W<warning—-category>
Enable the specified warning category.

-Wno—-<warning-category>
Disable the specified warning category.

-w
Disable all warnings.

In addition to enabling and disabling diagnostics on the command line, pragmas can be used control
specific diagnostics in a section of code. See clang diagnostic for details and examples.

Optimization Feedback Options

The following options can be used to instruct the c29clang compiler to emit information about the
different optimizations and code transformations that are performed during compilation:

—-Rpass—analysis=<arg>
Report transformation analysis from optimization passes whose name matches the given
POSIX regular expression.

-Rpass—missed=<arg>
Report missed transformations by optimization passes whose name matches the given
POSIX regular expression.

—-Rpass=<arg>
Report transformations performed by optimization passes whose name matches the given
POSIX regular expression.

Debug Options
The c29clang compiler supports the following command-line option to facilitate generation of
C/C++ source debug information:

-g, -—-gdwarf
Generate source-level debug information with the default DWARF version (3)

—gdwarf-2
Generate source-level debug information with DWAREF version 2

—gdwarf-3
Generate source-level debug information with DWARF version 3

—gdwarf-4
The c29clang compiler does not support generating DWARF version 4 debug information
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yet. If the -gdwarf-4 option is specified, the compiler will emit a warning diagnostic and
emit DWARF version 3 instead.

—gdwarf-5
The c29clang compiler does not support generating DWARF version 5 debug information
yet. If the -gdwarf-5 option is specified, the compiler will emit a warning diagnostic and
emit DWARF version 3 instead.

Instrumentation Options

Stack Smashing Detection Options

The compiler provides the capability to instrument protection for stack smashing attacks.

See Stack Smashing Detection.

Function Entry/Exit Hook Options

The compiler provides the capability to instrument functions with entry and exit hook function
calls using the -finstrument-functions option:

—finstrument-functions
For each function being compiled, instruct the compiler to generate a call to the entry hook
function, __cyg_profile_func_enter, just after entry to a given function, and a call to exit
hook function, __cyg_profile_func_exit, just prior to exit from a given function.

The compiler also calls __cyg_profile_func_enter and __cyg_profile_func_exit on behalf of
a function that is inlined into another function. This means that an addressable version of an
inlined function must be available in the linked application to facilitate lookup of the inlined
function symbol. If all uses of a function are inlined, the definition of the inlined function
may incur some growth in code size for the linked application.

Enabling Use of Function Entry/Exit Hooks

To enable the use of function entry/exit hooks in your application, you need to provide definitions
of:

* __cyg _profile_func_entry

The signature of the __cyg_profile_func_enter function is as follows:

void _ cyg profile func_entry(void *this_fcn, wvoid xcall_site);

An example definition of this function might look like this:
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extern {
__attribute_ ((no_instrument_function))
void _ cyg_profile_ func_enter (void *this_fcn, wvoid *xcall_ site) {

if ('this_fcn) return;

auto func_iter = func_timer_map.find((unsigned long)this_fcn);
func_timer_record *func_timer;
if (func_iter == func_timer_map.end()) {
func_timer = new func_timer_record((unsigned long)this_fcn);
func_timer map[ (unsigned long)this_fcn] = func_timer;
}

else {
func_timer = func_iter->second;

if (func_timer->recur_level == 0) {
func_timer->clock_start = clock();

}

else {
func_timer—->recur_level++;

* _ cyg _profile_func_exit

The signature of the __cyg_profile_func_exit function is as follows:

void _ cyg profile func_exit (void xthis_fcn, void *call_site);

An example definition of this function might look like this:
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extern {
__attribute_ ((no_instrument_function))
void _ cyg_profile_ func_exit (void *this_fcn, wvoid #*call_site) {

if ('this_fcn) return;

auto func_iter = func_timer_map.find((unsigned long)this_fcn);
func_timer_record *func_timer;
if (func_iter == func_timer_map.end()) {
printf ( )
return;
}
func_timer = func_iter—->second;
if (func_timer—->recur_level == 1) {
func_timer->acc_func_time += (long) (clock () - func_timer—->

—~clock_start);

}

func_timer—->recur_level—-—;

For both of the above functions, the first argument, this_fcn, is the address of the start of the current
function, which can be looked up in the symbol table, and the second argument, call_site, is the
return address of the current function that can be used to determine where the current function was
called from.

Note: Define __cyg_profile_func_enter and __cyg_profile_func_exit as “C” Symbols

When using the -finstrument-functions option with a C++ source file, the c29clang compiler in-
struments a given function with calls to __cyg_profile_func_enter and __cyg_profile_func_exit
using the “C” names of those function symbols. Consequently, when you define the
__cyg_profile_func_enter and __cyg_profile_func_exit functions for use in a C++ application, you
must enclose the definitions of these functions in an extern “C” construct, as indicated in the
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examples above.

Disabling Instrumentation with no_instrument_function Attribute

While applying the -finstument-functions option to an application, there may be some func-
tions that you may want to exclude from being instrumented, such as the definitions of
__cyg_profile_func_enter and __cyg_profile_func_exit described above. In such cases, the
no_instrument_function function attribute can be applied to prevent calls to the entry and exit
hooks from being generated for a given function.

The above definition of __cyg_profile_func_enter contains an example of how to apply the
no_instrument_function attribute to a function:

_ attribute_ ((no_instrument_function))
void _ cyg profile_func_enter (void *xthis_fcn, wvoid *call_site) {

Function Entry/Exit Hooks Example

One useful application of function entry and exit hook functions is to gather profile data
for the functions in an application. The above definitions of __cyg_profile_func_enter and
__cyg_profile_func_exit collect the accumulated time spent in each instrumented function in an
application.

The profile data is collected and recorded in a map of function_timer_record objects as detailed in
func_timer.h:

class func_timer record {
public:
unsigned long func_address;
unsigned int recur_level;
clock_t clock_start;
long acc_func_time;

func_timer record(unsigned long func_addr)
func_address (func_addr),
recur_level (0),

(continues on next page)
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clock_start (0),
acc_func_time (0) { }
~func_timer_record() { }
} func_timer_record;

extern std::map<unsigned long, func_timer_ record *> func_timer_
~map;

__attribute__ ((no_instrument_function)) wvoid report_function_
~times (void) ;

In this simplistic example, it is anticipated that the application being profiled will call re-
port_function_times that writes out a comma-separated list of the function addresses and their
corresponding recorded execution times:

std: :map<unsigned long, func_timer_ record *> func_timer_map;

__attribute__ ((no_instrument_function)) wvoid report_function_
—~times (void) {

—

std::list<function_timer_ record *> curr_func_list;
for (auto it = func_timer_map.begin(); it != func_timer_map.
—wend () ; ++it) |
unsigned long curr_func_addr it=>first;
unsigned long curr_func_time = (it->second)->acc_func_time;
printf (

s ’

curr_func_addr, curr_func_time);

The application to be profiled can then be compiled with the -finstrument-functions option:

%> c29clang —-mcpu=c29.c0 —-finstrument-functions <app .
~files>
func_timer.cpp func_enter.cpp func_exit.cpp -o app.out

While the functions defined in the application source files will be instrumented, the instrumentation
functions themselves will not since they have been annotated with the no_instrument_function
attribute.
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When loaded and run, app.out produces the function time statistics that can then be analyzed and

processed by a program that has access to the app.out file’s symbol table.

3.2 C/C++ Language Implementation

Contents:

3.2.1 Data Types

Scalar Data Types

The table below lists the size and range of each scalar type as supported in the c29clang compiler.
Many of the minimum and maximum values for each range are available as standard macros in the

C standard header file limits.h.

The storage and alignment of data types is described in Object Representation.

Type Size | Min Value Max Value

signed char 8 bits | -128 127

char, unsigned char, bool 8bits | 0 255

short, signed short 16 -32768 32767
bits

unsigned short 16 0 65535
bits

int, signed int, long, signed long 32 -2147483648 2147483647
bits

enum packed | -2147483648 2147483647

unsigned int, unsigned long, | 32 0 4294967295

wchar_t bits

long long, signed long long 64 - 9223372036854775807
bits 9223372036854775808

unsigned long long 64 0 18446744073709551615
bits

float 32 1.175494e-38 3.40282346e+38
bits

double, long double 64 2.22507385e-308 1.79769313e+308
bits

pointers, references, data member | 32 0 OxFFFFFFFF

ptrs bits

Notes:
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The “plain” char type has the same representation as either signed char or unsigned char.
The -fsigned-char and -funsigned-char options control whether “plain™ char is signed or
unsigned. The default is unsigned.

The wchar_t type has the same representation as unsigned int. The c29clang runtime li-
braries do not support a 16-bit wchar_t type. Attempts to use the c29clang -fshort-wchar
option may cause issues when linked with the c29clang runtime libraries.

Further discussion about the size of enum types can be found below in the Enum Type Stor-
age.

Specified minimum values for floating-point types in the table above indicate the smallest
precision value > 0.

Negative values for signed types are represented using two’s complement.
64-bit data types are aligned to 64-bit (8-byte) boundaries.
Both 32-bit pointers and 64-bit pointers are aligned to 32-bit (4-byte) boundaries.

Data and registers on C29x devices are always stored in little-endian format.

Enum Type Storage

The type of the storage container for an enumerated type is the smallest integer type that contains
all the enumerated values. The container types for enumerators are shown in the following table:

Lower Bound Range Upper Bound Range Enumera-
tor Type

0 to 255 0 to 255 unsigned
char

-128 to 1 -128 to 127 signed char

0 to 65535 256 to 65535 unsigned
short

-128 to 1, -32768 to -129 128 to 32767, -32768 to 32767 signed
short

0 to 4294967295 2147483648 to 4294967295 unsigned
nt

-32768 to -1, 32767 to 2147483647, signed int

-2147483648 to -32769, -2147483648 to 2147483647,

0 to 2147483647 65536 to 2147483647

The compiler determines the type based on the range of the lowest and highest elements of the

enumerator.

For example, the following code results in an enumerator type of int:
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enum COLORS {

green = -200,
blue = 1,
yellow = 2,
red = 60000

}i

The following code results in an enumerator type of short:

enum COLORS {

green = -200,
blue = 1,
yellow = 2,
red = 30000

}i

Enum Type Size

An enum type is represented by an underlying integer type. The size of the integer type and
whether it is signed is based on the range of values of the enumerated constants.

By default, the c29clang uses the smallest possible byte size for the enumeration type. The under-
lying type is the first type in the following list in which all the enumerated constant values can be
represented: signed char, unsigned char, short, unsigned short, int, unsigned int, long, unsigned
long, long long, unsigned long long. This default behavior is equivalent to the effect of using the
c29clang -fshort-enums option.

In strict c89/c99/c11 mode, the compiler will limit enumeration constants to those values that fit in
int or unsigned int.

For C++ and gnuXX C dialects (relaxed c89/c99/c11), the compiler allows enumeration constants
up to the largest integral type (64 bits).

You can alter the default compiler behavior using the -fno-short-enums option. When the -fno-
short-enums option is used in strict c89/c99/c11 mode, the enumeration type used to represent an
enum will be int, even if the values of the enumeration constants fit into a smaller integer type.

When the fno-short-enums option is used with C++ or gnuXX C dialects, the underlying enumera-
tion type will be the first type in the following list in which all the enumerated constant values can
be represented: int, unsigned int, long, unsigned long, long long, unsigned long long.

The following enum uses 8 bits instead of 32 bits by default (since -fshort-enums option behavior
is in effect):

enum example_enum {
first = -128,

(continues on next page)
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second = 0,
third 127

}i

The following enum fits into 16 bits instead of 32 by default:

enum a_short_enum {

bottom = -32768,
middle = O,
top = 32767

}i

Note: Do not link object files compiled with the -frno-short-enums option with object files that
were compiled without it. If you use the -fno-short-enums option, you must use it with all of your
C/C++ files; otherwise, you will encounter errors that cannot be detected until run time.

3.2.2 Characteristics of C29x C

Please see C Language Variants (-std) for supported C language variants as well as the options that
control the language standard used, including GNU language extensions.

The ANSI/ISO standard identifies some features of the C language that may be affected by char-
acteristics of the target processor, run-time environment, or host environment. This set of features
can differ among standard compilers. Please see C29x C Implementation-Defined Behavior.

The following C library features are not currently supported for TT C29x:

* The run-time library includes the header file <locale.h>, but with a minimal implementation.
The only supported locale is the C locale. That is, library behavior that is specified to vary
by locale is hardcoded to the behavior of the C locale, and attempting to install a different
locale by way of a call to setlocale() will return NULL.

* Some run-time functions and features in the C99/C11 specifications are not supported. See
Library Functions (J.3.12) for more details.

* C11 atomic operations are not supported.

e Threads and threads.h, which are optional in the CI11 specification. The
__ STDC_NO_THREADS__ macro is not defined.

In addition to support for the C language standard, the compiler supports many extensions that are
commonly supported by C language compilers. See C Language Extensions.
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3.2.3 C Language Extensions

The ¢29clang compiler supports a number of extended C language features that are commonly
provided by other compilers.

Extensions supported in c29clang include pre-defined macro symbols, attributes, and intrinsics.
Standard Clang language extensions, such as those described in the Clang documentation in the
Clang Language Extensions section of the Clang documentation, are generally supported.

A description of selected extensions is provided in the following sections of this user guide:

Pre-Defined Macro Symbols
Attributes
Built-In Functions and Intrinsics

3.2.4 C29x C Implementation-Defined Behavior

The C standard requires that conforming implementations provide documentation on how the com-
piler handles instances of implementation-defined behavior.

The TI C29x Clang compiler officially supports a freestanding environment. The C standard does
not require a freestanding environment to supply every C feature; in particular the library need not
be complete. However, the T compiler strives to provide most features of a hosted environment.

The section numbers in the lists that follow correspond to section numbers in Appendix J of the
C99 standard and Appendix J of the C11 standard. The numbers in parentheses at the end of each
item are sections in each standard that discuss the topic. Certain items listed in Appendix J of the
C99 standard have been omitted from this list.

Translation (J.3.1)

* The compiler and related tools emit diagnostic messages with several distinct formats. The

more common form is the following:
source-file:line-number:char-number: description [diagnostic-flag]

Where ‘description’ is a text description of the error, and ‘diagnostic-flag’ is an option flag
of the form -Wflag for messages that can be suppressed. (1.3.6)

Diagnostic messages are emitted to stderr; any text on stderr may be assumed to be a di-
agnostic. If any errors are present, the tool will exit with an exit status indicating failure
(non-zero). (C99/C11 3.10, 5.1.1.3)

Each whitespace sequence is collapsed to a single space. For aesthetic reasons, the first token
on each non-directive line of output is preceded with sufficient spaces that it appears in the
same column as it did in the original source file. (C99/C11 5.1.1.2)
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Environment (J.3.2)

* The compiler interprets the physical source file multibyte characters as UTF-8.

Wide character (wchar_t) types and operations are supported by the compiler. However,
wide character strings may not contain characters beyond 7-bit ASCII. The encoding of wide
characters is 7-bit ASCII, 0 extended to the width of the wchar_t type. (C99/C11 5.1.1.2)

* The name of the function called at program startup is “main.” Its parameter list may be
“(void)” or “(int argc, char *argv[]).” (C99/C11 5.1.2.1)

* Program termination does not affect the environment; there is no way to return an exit code
to the environment. By default, the program is known to have halted when execution reaches
the special C$$SEXIT label. (C99/C11 5.1.2.1)

* In relaxed ANSI mode, the compiler accepts “void main(void)” and “void main(int argc,
char *argv[])” as alternate definitions of main. The alternate definitions are rejected in strict
ANSI mode. (C99/C11 5.1.2.2.1)

* If space is provided for program arguments at link time with the --args option and the
program is run under a system that can populate the .args section (such as CCS), argv[0]
will contain the filename of the executable, argv[1] through argv[argc-1] will contain the
command-line arguments to the program, and argv[argc] will be NULL. Otherwise, the value
of argv and argc are undefined. (C99/C11 5.1.2.2.1)

* Interactive devices include stdin, stdout, and stderr (when attached to a system that honors
CIO requests). Interactive devices are not limited to those output locations; the program may
access hardware peripherals that interact with the external state. (C99/C11 5.1.2.3)

* Signals are not supported. The function signal is not supported. (C99/C11 7.14, 7.14.1.1)

* The library function getenv is implemented through the CIO interface. If the program is
run under a system that supports CIO, the system performs getenv calls on the host system
and passes the result back to the program. Otherwise the operation of getenv is undefined.

No method of changing the environment from inside the target program is provided. (C99
7.20.4.5,C117.22.4.6)

* The system function is not supported. (C99 7.20.4.6, C11 7.22.4.8)

Identifiers (J.3.3)

* Multibyte characters are allowed in identifiers whose UTF-8 decoded value is within the
allowed ranges specified in Appendix D of ISO/IEC 9899:2011. The ‘$’ character is allowed
in identifiers.

* The number of significant initial characters in an identifier is unlimited. (C99/C11 5.2.4.1,
6.4.2)
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Characters (J.3.4)

The number of bits in a byte (CHAR_BIT) is 8. (C99/C11 3.6)

The execution character set is the same as the basic execution character set: plain ASCII.
Characters in the ISO 8859 extended character set are not supported. (C99/C11 5.2.1)

The values produced for the standard alphabetic escape sequences are as follows: (C99/C11
5.2.2)

Escape Sequence | ASCIl Meaning Integer Value
\a BEL (bell) 7

\b BS (backspace) 8

\f FF (form feed) 12

\n LF (line feed) 10

\r CR (carriage return) | 13

\t HT (horizontal tab) | 9

\v VT (vertical tab) 11

The value of a char object into which any character other than a member of the basic execu-
tion character set has been stored is the ASCII value of that character. (C99/C11 6.2.5)

Plain char is identical to unsigned char, but can be changed to signed char with the -fsigned-
char option. (C99/C11 6.2.5, 6.3.1.1)

The source character set and execution character set are identical. (C99/C11 6.4.4.4,5.1.1.2)

The value of an integer character constant containing more than one character is the same
as the last source character. The compiler will emit a warning when an integer character
constant containing more than one character is used. There are no characters or escape
sequences that do not map to a single-byte execution character. (C99/C11 6.4.4.4)

The compiler does not support multibyte characters in wide character constants. There are
no wide characters or escape sequences that do not map to a single wide execution character.
(C99/C11 6.4.4.4)

The compiler currently supports only one locale, “C”. (C99/C11 6.4.4.4)
The compiler currently supports only one locale, “C”. (C99/C11 6.4.5)

The compiler does not support multibyte characters in string literals. There are no escape
sequences that do not map to a single execution character. (C99/C11 6.4.5)

The wchar_t type is 32-bits wide and is equivalent to the uint32_t type (unsigned int).
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Integers (J.3.5)

No extended integer types are supported. (C99/C11 6.2.5)

Negative values for signed integer types are represented as two’s complement, and there are
no trap representations. (C99/C11 6.2.6.2)

No extended integer types are supported, so there is no change to the integer ranks. (C99/C11
6.3.1.1)

When an integer is converted to a signed integer type which cannot represent the value, the
value is truncated (without raising a signal) by discarding the bits which cannot be stored in
the destination type; the lowest bits are not modified. (C99/C11 6.3.1.3)

Right shift of a signed integer value performs an arithmetic (signed) shift. The bitwise
operations other than right shift operate on the bits in exactly the same way as on an unsigned
value. That is, after the usual arithmetic conversions, the bitwise operation is performed
without regard to the format of the integer type, in particular the sign bit. (C99/C11 6.5)

Floating Point (J.3.6)

The accuracy of floating-point operations (+ - * /) is bit-exact. The accuracy of library
functions that return floating-point results is not specified. (C99/C11 5.2.4.2.2)

The compiler does not provide non-standard values for FLT_ROUNDS (C99/C11 5.2.4.2.2)

The compiler does not provide non-standard negative values of FLT _EVAL_METHOD
(C99/C115.2.4.2.2)

The rounding direction when an integer is converted to a floating-point number is IEEE-754
“round to nearest”. (C99/C11 6.3.1.4)

The rounding direction when a floating-point number is converted to a narrower floating-
point number is IEEE-754 “round to even”. (C99/C11 6.3.1.5)

For floating-point constants that are not exactly representable, the implementation uses the
nearest representable value. (C99/C11 6.4.4.2)

The compiler does not contract float expressions, except when -ffast-math is used. (C99/C11
6.5)

The default state for the FENV_ACCESS pragma is off. (C99/C11 7.6.1)
The compiler does not define any additional float exceptions (C99/C11 7.6, 7.12)
The default state for the FP_CONTRACT pragma is off. (C99/C11 7.12.2)

The “inexact” floating-point exception cannot be raised if the rounded result equals the math-
ematical result. (F.9)
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* The “underflow” and “inexact” floating-point exceptions cannot be raised if the result is tiny
but not inexact. (F.9)

Arrays and Pointers (J.3.7)

* When converting a pointer to an integer or vice versa, the pointer is considered an unsigned
integer of the same size, and the normal integer conversion rules apply. If the bitwise repre-
sentation of the destination can hold all of the bits in the bitwise representation of the source,
the bits are copied exactly. (C99/C11 6.3.2.3)

* The size of the result of subtracting two pointers to elements of the same array is the size of
ptrdiff_t, which is 4 bytes. (C99/C11 6.5.6)

Hints (J.3.8)

* When the optimizer is used, the register storage-class specifier is ignored. When the opti-
mizer is not used, the compiler will preferentially place register storage class objects into
registers to the extent possible. The compiler reserves the right to place any register storage
class object somewhere other than a register. (C99/C11 6.7.1)

* The inline function specifier is ignored unless the optimizer is used. For other restrictions
on inlining, as well as ways to control inlining behavior, see the compiler manual. (C99/C11
6.7.4)

Structures, unions, enumerations, and bit-fields (J.3.9)

A “plain” int bit-field is treated as an unsigned int bit-field. (C99/C11 6.7.2, 6.7.2.1)

In addition to _Bool, signed int, and unsigned int, the compiler allows char, signed char,
unsigned char, signed short, unsigned short, signed long, unsigned long, signed long long,
unsigned long long, and enum types as bit-field types. (C99/C11 6.7.2.1)

Atomic types are not allowed as bit-field types

Bit-fields may not straddle a storage-unit boundary. (C99/C11 6.7.2.1)

* Bit-fields are allocated in endianness order within a unit. See the compiler manual for details.
(C99/C11 6.7.2.1)

* Non-bit-field members of structures are aligned as required by the type of the member. There
are user controls to override this behavior; see the compiler manual for details. (C99/C11
6.7.2.1)

* The integer type underlying each enumerated type is described in the compiler manual.
(C99/C11 6.7.2.2)
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Qualifiers (J.3.10)

* The compiler does not shrink or grow volatile accesses. It is the user’s responsibility to make

sure the access size is appropriate for devices that only tolerate accesses of certain widths.

— The compiler does not change the number of accesses to a volatile variable unless
absolutely necessary. In some cases, the compiler will be forced to use two accesses,
one for the read and one for the write, it is not guaranteed that the compiler will be
able to map such expressions to an instruction with a single memory operand. It is not
guaranteed that the memory system will lock that memory location for the duration of
the instruction.

— The compiler will not reorder two volatile accesses, but it may reorder a volatile and
a non-volatile access, so volatile cannot be used to create a critical section. Use some
sort of lock if you need to create a critical section. (C98/C11 6.7.3)

Preprocessing directives (J.3.11)

The compiler does not support pragmas that refer to headers. (C11 6.4, 6.4.7)

The sequences are mapped to external source file names in both forms of the #include direc-
tive (C11 6.4.7)

The value of a character constant in a constant expression that controls conditional inclusion
matches the value of the same character constant in the execution character set (both are
plain ASCII). (C99/C11 6.10.1)

Single-character constants in a constant expression that controls conditional inclusion have
a non-negative value. (C11 6.10.1)

Include directives may have one of two forms, <> or ” “. For both forms, the compiler will
look for a real file on-disk by that name using the “system” or “user” include file search path.
See the compiler manual for details on how the system and user include file search path can
be controlled with environment variables and command-line options. (C99/C11 6.4.7)

— The compiler uses the “system” include file search path to search for an included < >
delimited header file. See the compiler manual for details on how the system and user
include file search path can be controlled with environment variables and command-
line options. (C99/C11 6.10.2)

— The compiler uses the “user” include file search path to search for an included ”
delimited header file. See the compiler manual for details on how the system and user
include file search path can be controlled with environment variables and command-
line options. (C99/C11 6.10.2)

As a result of macro replacement, the sequence of tokens should be either a single string
literal or a sequence of preprocessing tokens, starting with < and ending with >. Sequences
of whitespace characters are replaced by a single space. (C99/C11 6.10.2)
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* There is no arbitrary nesting limit for #include processing. (C99/C11 6.10.2)

* The # operator inserts a \ character before the \ character that begins a universal character
name. (C11 6.10.3.2)

* See the compiler manual for a description of the recognized non-standard pragmas.
(C99/C11 6.10.6)

* The date and time of translation are always available from the host. (C99 6.10.8, CI11
6.10.8.1)

Library Functions (J.3.12)
* Almost all of the library functions required for a hosted implementation are provided by the
TI library. (C99/C11 5.1.2.1)

— However, the following list of run-time functions and features are not implemented or
fully supported:

* fenv.h

- Floating-point exception functions
% inttypes.h

- westoimax() / westoumax()
* stdio.h

- The %e specifier may produce “-0” when “0” is expected by the standard
snprintf() does not properly pad with spaces when writing to a wide character
array

* stdlib.h

- vfscanf() / vscanf() / vsscanf() return value on floating point matching failure
is incorrect

* wchar.h
- fgetws() / fputws()
- mbrlen()
- mbsrtowcs()
- wescat()
- weschr()

- wesemp() / wesnemp()

- wesepy() / wesnepy()
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- wesftime()

- wesrtombs()

- wesstr()

- westok()

- wesxfrm()

- Wide character print / scan functions

- Wide character conversion functions
* signal.h

- signal()

- raise()

The format of the diagnostic printed by the assert macro is “Assertion failed: (assertion
macro argument) in function: function”. (C99/C11 7.2.1.1)

The feraiseexcept function is not supported. (C11 7.6.2.3)

No strings other than “C” and “”’ may be passed as the second argument to the setlocale
function (C99/C11 7.11.1.1)

The types defined for float_t and double_t when the value of the FLT_EVAL_METHOD
macro is less than O or greater than 2 are float and double, respectively. (C99/C11 7.12)

On underflow range errors, the mathematics functions return 0.0 and the errno is set to
ERANGE. Floating-point exceptions raised using the feraiseexcept function are not sup-
ported. (C99/C11 7.12.1)

The base-2 logarithm of the modulus used by the remquo functions in reducing the quotient
is 31. The last 31bits of the quotient are returned (values up to 2*{31}). (C99/C11 7.12.10.3)

No signal handling is supported. (C99/C11 7.14.1.1)

The +INF, -INF, +inf, -inf, NAN, and nan styles can be used to print an infinity or NaN. (C99
7.19.6.1,7.24.2.1; C117.21.6.1,7.29.2.1)

The output for %p conversion in the fprintf or fwprintf function is the same as %x of the
appropriate size. (C99 7.19.6.1, 7.24.2.1; C11 7.21.6.1, 7.29.2.1)

Any n-char or n-wchar sequence in a string, representing a NaN, that is converted by the
strtod, strtof, or strtold functions, is ignored. The wcstod, westof, and westold functions are
not supported. (C99 7.20.1.3, 7.24.4.1.1; C11 7.22.1.3, 7.29.4.1.1)

The strtod, strtof, or strtold functions set errno to ERANGE when underflow occurs. The
wcstod, westof, and wcestold functions are not supported. (C99 7.20.1.3, 7.24.4.1.1; C11
7.22.1.3,7.29.4.1.1)
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* Open streams with unwritten buffered data are flushed, open streams are closed, and tempo-
rary files are removed when the _Exit function is called. The function abort does not close
or flush open streams nor does it remove temporary files when it is called. (C99 7.20.4.1,
7.20.4.4,C117.22.4.1,7.22.4.5)

* The termination status returned to the host environment by the abort, exit, _Exit, or quickexit
function is not returned to the host environment. (C99 7.20.4.1, 7.20.4.3, 7.20.4.4, C11
7.22.4.1,722.4.4,7.22.4.5,7.22.4.7)

* The system function is not supported. (C99 7.20.4.6, C11 7.22.4.8)

Architecture (J.3.13)

* The values or expressions assigned to the macros specified in the headers float.h, limits.h,
and stdint.h are described along with the sizes and format of integer types in the compiler
manual. (C995.2.4.2,7.18.2,7.18.3; C11 5.2.4.2,7.20.2, 7.20.3)

* Thread storage is not supported. (C11 6.2.4)

* The number, order, and encoding of bytes in any object are described in the compiler manual.
(C99/C11 6.2.6.1)

* Valid alignments as well as extended alignments up to 2*{28} bytes are supported. (C11
6.2.8)

* The value of the result of the sizeof and _Alignof operators is the storage size for each type,
in terms of bytes. See the compiler manual (C99/C11 6.5.3.4)

Locale-specific behavior (J.4)

* The behavior of these points is dependent on the implementation of the C library. The
compiler currently supports only one locale, “C”.

3.2.5 Characteristics and Implementation of C29x C++
The c29clang compiler supports C++ as defined in the ANSI/ISO/IEC 14882:2017 standard
(C++17), including these features:

* Complete C++ standard library support, with exceptions noted below.

* C++ Templates

* Run-time type information (RTTI), which can be enabled with the -frtti compiler option.
The following features are not implemented or fully supported:

* Exception handling and the -fexceptions compiler option
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* Features related to threads and concurrency, such as:

std::thread

std::unique_lock

std::shared_mutex

std::execution

C++ atomic operations

thread-local storage

* Some features related to memory management, such as:
— std::pmr::memory_resource
— std::align_val_t

* The Filesystem library

* The C++17 Mathematical Special Functions library

Please see C++ Language Variants (-std) for supported C++ language variants as well as the
options that control the language standard used.

C++ Exception Handling

The c29clang compiler does not currently support the C++ exception handling features defined by
the ANSI/ISO 14882 C++ Standard. The -fexceptions command-line option is not supported.

3.2.6 Pre-Defined Macro Symbols

The c29clang compiler supports the use of pre-defined macro symbols. These are compile-time
symbols that are defined with a value based on how the compiler is invoked.

Note: Viewing the List of Pre-Defined Macro Symbols for a Given Compilation

To view the pre-defined macro symbols that are defined for a given ¢29clang option combination,
you can compile using the -E and -dM options. For example,

%> c29clang —mcpu=c29.c0 -E —-dM test.c

emits to stdout the list of pre-defined macro symbols that are defined when compiling with the
-mcpu=c29.c0 option.

The following sub-sections contain tables listing the various pre-defined macro symbols that are
created by the c29clang compiler:
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TI-Specific Pre-Defined Macro Symbols

The c29clang compiler pre-defines the following TI-specific macro symbols, which can be used
when configuring source code to be compiled on the basis of the compiler vendor identification or
on the basis of the c29clang compiler version being used:

TI-Specific Compiler Predefined Macro Symbols

Symbol Value Kind Value / Description

ot <constant> Defined to 1 if TI is the com-
piler vendor.

__ti_major__ <version> Identifies major version num-
ber.

__ti_minor__ <version> Identifies minor version num-
ber.

__ti_patchlevel __ <version> Identifies patch version num-
ber.

__ti_version___ <encoding> Encoding of major, minor,
and patch

version number values associ-
ated

with the current release,
where:

<encoding> = <major>
< % 10000
<minor>
< % 100
<patch>
For 1.3.2.LTS, for example,
the
value of <encoding> would be
10302.
__TI EABI 1 Indicates the output format is
EABIL

Tl C29x-Specific Pre-Defined Macro Symbols

The ¢29clang compiler pre-defined macro symbols to identify the target processor. The following
table summarizes such pre-defined macros:
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Symbol Value Value / Description
Kind
_C29__ <con- Defined to 1 if target is a C29x
stant>
_c29 <con- Defined to 1 if target is a C29x
stant>
__C29_ARCH)| <ver- Identifies the C29x architecture version being
sion> compiled for. Currently, the only value used is 0.
_ C29_CO__ | <con- Defined to 1 if the -mcpu=c29.c0 option is
stant> defined either on the command line or by default.
__C29_OPTF6@4<con- Defined to 1 if the -mfpu option is set to
stant> f64 either on the command line or by default.

Generic Compiler Pre-Defined Macro Symbols

Version-Related Predefined Macro Symbols

Symbol Value Value / Description
Kind

__clang__ <con- Defined to 1 if compiler uses Clang- based front-end.
stant>

__clang_major__ <ver- Identifies major version number of Clang front-end.
sion>

__clang_minor__ <ver- Identifies minor version number of Clang front-end.
sion>

__clang_patchlevel <ver- Identifies patch number of Clang front-end.
sion>

__clang_version__ <string> | String representation of Clang front-end version identi-

fication.

__ GNUC_MINOR__ <ver- 2
sion>

__GNUC_PATCHLEVEL <ver- 1
sion>

__GNUC__ <ver- 4
sion>

__GXX_ABI_VERSION|_<ver- 1002
sion>

_ llvm__ <con- Defined to 1 if compiler uses LLVM back-end.
stant>

__VERSION__ <string> | Full string representation of Clang front-end version

identification.
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C Language-Related Predefined Macro Symbols

Symbol Value Value / Description
Kind
__GNUC_GN&EoiNLIDNFned to 1 if functions declared inline are defined and externally
stant> visible in compiler generated object files if such functions are not
declared static or extern.
__GNUC_STReonNDEYiEed to 1 if functions declared inline are defined and externally
stant> visible in compiler generated object files only if such functions are
declared extern.
__STDC__ | <con-| Defined to 1 if the compiler conforms to ISO Standard C.
stant>
__STDC_HOSE®H3) Defined to 1 if the target of the compiler is a hosted environment in
stant> which the compiler package supplies standard C runtime libraries.
__STDC_UTKcbm-| Defined to 1 if charl6_t type values are UTF-16 encoded.
stant>
__STDC_UTKc#h-| Defined to 1 if char32_t type values are UTF-32 encoded.
stant>
_ STDC_VERSEON Defined to the C Standard being applied for a given compilation based
sion>| on the -std=<language> option. By default, c29clang assumes
“-std=gnul7” for C source files (<version>=201710L). *
__STRICT_AXSI-| Defined to 1 if a strictly-conforming C language variant is specified as
stant> the argument to the -std option (c89/90/99/9x/11/1x/17/18).

* See Pre-defined Compiler Macros for a list of definitions of __STDC_VERSION__ that
correspond to versions of the C language standards.

C++ Language Standard Predefined Macro Symbol (__cplusplus)

Symbol

Value Kind Value / Description

__cplusplus

compilation,

values:

value =>
—~Standard

<standard> Indicates the C++ <standard>
that is in effect for a given

where <stan-
dard> is one of the following

C++_,

—

199711L
199711L
201103L
201402L
201703L

C++98
C++03
C++11
C++14
C++17
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» See Pre-defined Compiler Macros for a list of definitions of __cplusplus that correspond to
versions of the C++ language standards.

C++ Language Feature Test Predefined Macro Symbols

| Symbol / Feature | Available | Value / Adoption |

__cpp_aggregate_bases C++17 201603L
__cpp_aggregate_nsdmi C++14 201304L
__cpp_alias_templates C++11 200704L
__cpp_aligned_new C++17 201606L
__cpp_attributes C++11 200809L
__cpp_binary_literals C++14 201304L
__cpp_capture_star_this C++17 201603L
__cpp_constexpr C++11 C++14 C++17 | 200704L 201304L 201603L
__cpp_contexpr_in_decltype C++11 201711L
__cpp_decltype C++11 200707L
__cpp_decltype_auto C++14 201304L
__cpp_deduction_guides C++17 201703L
__cpp_delegating_constructors C++11 200604L
__cpp_digit_separators C++14 201309L
__cpp_enumerator_attributes C++17 201411L
__cpp_fold_expressions C++17 201603L
__cpp_generic_lambdas C++14 201304L
__cpp_guaranteed_copy_elision C++17 201606L
__cpp_hex_float C++17 201603L
__cpp_if_constexpr C++17 201606L
__cpp_impl_destroying_delete C++98 201806L
__cpp_inheriting_constructors C++11 201511L
__cpp_init_captures C++14 201304L
__cpp_initializer_lists C++11 200806L
__cpp_inline_variables C++17 201606L
__cpp_lambdas C++11 200907L
__Cpp_namespace_attributes C++17 201411L
__cpp_nested_namespace_definitions C++17 201411L
__cpp_noexcept_function_type C++17 201510L
__cpp_nontype_template_args C++17 201411L
__cpp_nontype_template_parameter_auto | C++17 201606L
__cpp_nsdmi C++11 200809L
__cpp_range_based_for C++11 C++17 200907L 201603L
__Cpp_raw_strings C++11 200710L
__cpp_ref_qualifiers C++11 200710L
__cpp_return_type_deduction C++14 201304L
__cpp_rvalue_references C++11 200610L

continues on next page
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Table 3.1 — continued from previous page
| Symbol / Feature | Available | Value / Adoption |

__cpp_static_assert C++11 C++17 200410L 201411L
__cpp_structured_bindings C++17 201606L
__cpp_template_auto C++17 201606L
__cpp_threadsafe_static_init C++98 200806L
__cpp_unicode_characters C++11 200704L
__cpp_unicode_literals C++11 200710L
__cpp_user_defined_literals C++11 200809L
__cpp_variable_templates C++14 201304L
__cpp_variadic_templates C++11 200704L
__cpp_variadic_using C++17 201611L

Compiler Generated Object Format (__ELF__)

Sym- | Value Value / Description
bol Kind

__ELF | <con- Defined to 1 if compiler generates object code that conforms to the
stant> ELF object file format (default).

Predefined Macro Symbols Related to Endian-ness

Symbol Value | Value / Description
Kind
__BIG_ENDIAN__ <con- Never defined for C29x.
stant>
__LIT- <con- Always defined to 1 for C29x.
TLE_ENDIAN_ stant>
__ BYTE_ORDER__ <con- Always matches the value of __OR-
stant> DER_LITTLE_ENDIAN__ (1234)
for C29x.
__OR- <con- 4321
DER_BIG_ENDIAN__ | stant>
__OR- <con- 1234
DER_LITTLE_ENDIAN stant>

Predefined Macro Symbols Related to Optimization
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Kind

Symbol | Value| Value / Description

__FAST_MAddn- | Defined to 1 if the -ffast-math or -ffp-mode=fast option is enabled
stant>| (-ffast-math is implied when the -Ofast optimization level is
specified on the compiler command- line).

stant>

_INLINE | <con-| Defined to 1 if automatic inlining optimizations are enabled.

stant>

__NO_INLIXEOn- | Defined to 1 if automatic inlining optimizations are disabled.

MIZE stant>

__OPTI- | <con-| Defined to 1 if optimization is in use (-O[123fastszg]).

__OPTI- | <con-| Defined to 1 if optimizations intended to reduce compiler-
MIZE_SIZEstant>| generated code size are in use (-Os or -Oz option).

Predefined Macro Symbols Related to Scalar Types

Symbol Value Kind Value / Description

__BIGGEST_ALIGNMENT__| <bytes> Indicates the largest align-
ment in <bytes> ever used for
any data
type on the C29x processor.
This value is 8.

_ CHARI6_TYPE_ <type> unsigned short

_ CHAR32 TYPE _ <type> unsigned int

__ CHAR_BIT__ <bits> 8

__ CHAR_UNSIGNED <constant> Defined to 1 if “plain” char
types (not qualified with a
“signed” or
“unsigned” keyword) are in-
terpreted by the compiler to be
unsigned.

__INT8_FMTd__ <string> “hhd”

__INT8_FMTi__ <string> “hhi”

__INT8_MAX__ <constant> 127

__INT8_TYPE_ _ <type> signed char

__UINT8_FMTX__ <string> “hhX”

__UINT8 FMTo_ <string> “hho”

__UINT8 FMTu__ <string> “hhu”

__UINT8_FMTx__ <string> “hhx”

_ UINT8_MAX_ <constant> 255

__UINT8_TYPE__ <type> unsigned char

__ SCHAR_MAX__ <constant> 127

continues on next page
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Table 3.2 — continued from previous page

Symbol Value Kind Value / Description
_ INT_FAST8_FMTd__ <string> “hhd”

_ INT_FAST8_FMTi__ <string> “hhi”
__INT FAST8 MAX <constant> 127
__INT_FAST8_TYPE__ <type> signed char
__INT_FAST8_WIDTH_ <constant> 8

__ UINT_FAST8_FMTX___ <string> “hhX”
__UINT _FAST8 FMTo_ <string> “hho”
__UINT _FAST8 _FMTu__ <string> “hhu”
__UINT _FAST8 FMTx___ <string> “hhx”
__UINT _FAST8 MAX_ <constant> 255

_ _UINT_FAST8_TYPE_ _ <type> unsigned char
__INT_LEAST8_FMTd__ <string> “hhd”

_ INT _LEAST8_FMTi__ <string> “hhi”
__INT LEAST8 MAX_ <constant> 127
__INT LEASTS8 TYPE__ <type> signed char
__INT LEAST8 WIDTH__ | <constant> 8
__UINT_LEAST8_FMTX__ | <string> “hhX”
__UINT_LEAST8_FMTo__ | <string> “hho”
__UINT_LEAST8_FMTu__ | <string> “hhu”
__UINT_LEAST8_FMTx__ | <string> “hhx”
__UINT _LEAST8 MAX_ <constant> 255
__UINT_LEAST8_TYPE__ | <type> unsigned char
__INT16_FMTd__ <string> “hd”
__INT16_FMTi__ <string> “hi”
__INT16_MAX__ <constant> 32767
__INT16_TYPE__ <type> short

_ UINT16_FMTX_ <string> “hX”
__UINT16_FMTo__ <string> “ho”
__UINT16_FMTu__ <string> “hu”

_ UINT16_FMTx__ <string> “hx”
__UINT16_MAX__ <constant> 65535
__UINT16_TYPE _ <type> unsigned short
_ SHRT MAX <constant> 32767
__SIZEOF _SHORT__ <bytes> 4

_ SHRT_WIDTH__ <constant> 16

_ INT_FAST16_FMTd__ <string> “hd”
__INT_FAST16_FMTi__ <string> “h1”
__INT_FAST16_MAX__ <constant> 32767
__INT FAST16_TYPE__ <type> short
__INT FAST16_WIDTH__ <constant> 16

continues on next page
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Table 3.2 — continued from previous page

Symbol Value Kind Value / Description
__UINT_FAST16_FMTX__ | <string> “hX”
__UINT _FAST16_FMTo__ <string> “ho”

_ UINT_FAST16_FMTu__ <string> “hu”

_ UINT_FAST16_FMTx__ <string> “hx”
__UINT_FAST16_MAX__ <constant> 65535
__UINT_FAST16_TYPE__ | <type> unsigned short
__ INT_LEAST16_FMTd__ <string> “hd”

_ INT_LEAST16_FMTi__ <string> “hi”

__INT LEAST16_ MAX_ <constant> 32767
__INT LEAST16_TYPE_ _ <type> short
__INT_LEAST16_WIDTH__ | <constant> 16
__UINT_LEAST16_FMTX__ | <string> “hX”
__UINT_LEAST16_FMTo__ | <string> “ho”
__UINT_LEAST16_FMTu__ | <string> “hu”
__UINT_LEAST16_FMTx__ | <string> “hx”
__UINT _LEAST16_MAX_ | <constant> 65535
__UINT_LEASTI16_TYPE__ | <type> unsigned short
__INT32_FMTd__ <string> “d”

_ INT32_ FMTi__ <string> “1”
__INT32_ MAX_ <constant> 2147483647
__INT32_TYPE _ <type> int

_ UINT32_C_SUFFIX__ <text> U
__UINT32_FMTX_ <string> “X”
__UINT32_FMTo__ <string> “0”

_ UINT32_FMTu__ <string> “u”

_ UINT32_FMTx__ <string> “x”

_ UINT32_ MAX__ <constant> 4294967295U
__UINT32_TYPE__ <type> unsigned int
__INT MAX <constant> 2147483647
_ SIZEOF_INT__ <bytes> 4
__INT_WIDTH__ <constant> 32

_ LONG_MAX__ <constant> 2147483647
_ SIZEOF_LONG__ <bytes> 4

_ LONG_WIDTH__ <constant> 32

_ INT_FAST32_FMTd__ <string> “d”

_ INT_FAST32_FMTi__ <string> “1”

_ INT_FAST32_MAX__ <constant> 2147483647
_ INT_FAST32 TYPE__ <type> int

__INT FAST32 WIDTH__ <constant> 32
__UINT_FAST32_FMTX__ | <string> “X”

continues on next page
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Table 3.2 — continued from previous page

Symbol Value Kind Value / Description

__ UINT _FAST32 FMTo__ <string> “0”

__UINT _FAST32 _FMTu__ <string> “u”

_ UINT_FAST32_FMTx__ <string> “x”

_ UINT_FAST32 MAX___ <constant> 4294967295U

__ UINT32 TYPE <type> unsigned int

__INT LEAST32 FMTd__ <string> “d”

__INT LEAST32 FMTi__ <string> “0”

__INT LEAST32 MAX__ <constant> 2147483647

__INT LEAST32 _TYPE_ _ <type> int
__INT_LEAST32_WIDTH__ | <constant> 32
__UINT_LEAST32_FMTX__| <string> “X”
__UINT_LEAST32_FMTo__ | <string> “0”
__UINT_LEAST32_FMTu__ | <string> “u”
__UINT_LEAST32_FMTx__ | <string> “x”

__UINT _LEAST32 MAX__ | <constant> 4294967295U
__UINT_LEAST32_TYPE__ | <type> unsigned int

_ INT64_C_SUFFIX__ <text> LL

_ INT64_FMTd__ <string> “I1d”

_ INT64 FMTi__ <string> “Ii”

__INT64_MAX__ <constant> 9223372036854775807LL
__INT64_TYPE__ <type> long long int

_ UINT64_C_SUFFIX__ <text> ULL

__UINT64 _FMTX <string> “IUx

_ UINT64_FMTo__ <string> “llo”

_ UINT64_FMTu__ <string> “llu”

__UINT64_FMTx__ <string> “lIx”

_ UINT64_MAX__ <constant> 18446744073709551615ULL
__UINT64_TYPE__ <type> long long unsigned int

_ LONG_LONG_MAX__ <constant> 9223372036854775807LL
__SIZEOF_LONG_LONG__ | <bytes> 8

__ INT_FAST64_FMTd__ <string> “I1d”

_ INT_FAST64_FMTi__ <string> “I3

__INT FAST64 MAX <constant> 9223372036854775807LL
__INT FAST64 TYPE _ <type> long long int

__INT _FAST64_WIDTH___ <constant> 64
__UINT_FAST64_FMTX__ | <string> “IX

_ UINT_FAST64_FMTo__ <string> “llo”

_ UINT_FAST64_FMTu__ <string> “Ilu”

_ UINT_FAST64_FMTx__ <string> “lIx”

_ UINT_FAST64_MAX__ <constant> 18446744073709551615ULL

continues on next page
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Table 3.2 — continued from previous page

Symbol Value Kind Value / Description
__UINT_FAST64_TYPE__ | <type> long long unsigned int
__INT_LEAST64_FMTd__ | <string> “l1d”

__ INT_LEAST64_FMTi__ <string> “IIi
__INT_LEAST64_MAX__ <constant> 9223372036854775807LL
__INT_LEAST64_TYPE__ | <type> long long int

__INT LEAST64 WIDTH__ | <constant> 64
__UINT_LEAST64_FMTX__| <string> “IX
__UINT_LEAST64_FMTo__ | <string> “llo”
__UINT_LEAST64_FMTu__ | <string> “Nu”
__UINT_LEAST64_FMTx__ | <string> “lIx”

_ UINT_LEAST64_MAX__ | <constant> 18446744073709551615ULL
__ UINT_LEAST64_TYPE__ | <type> long long unsigned int

_ INTMAX_C_SUFFIX_ <text> LL

__INTMAX FMTd__ <string> “Id»

__ INTMAX _FMTi__ <string> “h”

_ INTMAX_MAX__ <constant> 9223372036854775807LL
__INTMAX_TYPE__ <type> long long int

_ INTMAX_WIDTH_ <bits> 64

_ UINTMAX_C_SUFFIX__ | <text> ULL

_ UINTMAX_FMTX__ <string> “INX

_ UINTMAX_FMTo__ <string> “llo”

__ UINTMAX FMTu__ <string> “Nu”

__ UINTMAX FMTx___ <string> “Ix”

_ UINTMAX_MAX__ <constant> 18446744073709551615ULL
__ UINTMAX_TYPE__ <type> long long unsigned int

_ UINTMAX_ WIDTH_ <constant> 64

__INTPTR_FMTd__ <string> “d”

__ INTPTR_FMTi__ <string> “0”

__INTPTR_MAX <constant> 2147483647
__INTPTR_TYPE__ <type> int

__ INTPTR_WIDTH_ <bits> 32

_ UINTPTR_FMTX___ <string> “X”

_ UINTPTR_FMTo <string> “0”

_ _UINTPTR_FMTu__ <string> “u”

_ _UINTPTR_FMTx_ <string> “x”

__ _UINTPTR_MAX <constant> 4294967295U

__ UINTPTR_TYPE_ <type> unsigned int

_ UINTPTR_WIDTH_ <constant> 32

__ POINTER_WIDTH__ <constant> 32

continues on next page
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Table 3.2 — continued from previous page

Symbol Value Kind Value / Description

_ILP32 <constant> Defined to 1 if pointer type
width and long type width is
32-bits.

_ILP32__ <constant> Defined to 1 if pointer type
width and long type width is
32-bits.

_ SIZEOF_POINTER__ <bytes> 4

__ PTRDIFF_FMTd__ <string> “d”

_ PTRDIFF_FMTi__ <string> “1”

__ PTRDIFF MAX <constant> 2147483647

_ PTRDIFF_TYPE__ <type> int

_ PTRDIFF_WIDTH_ <bits> 32

_ SIZEOF_PTRDIFF_T__ <bytes> 4

__SIZE_FMTX__ <string> “X”

__ SIZE FMTo <string> “0”

__ SIZE FMTu__ <string> “u”

__ SIZE _FMTx__ <string> “x”

__ SIZE MAX___ <constant> 4294967295U

__ SIZE TYPE <type> unsigned int

_ SIZE_WIDTH__ <bits> 32

_ SIZEOF _SIZE_ T__ <bytes> 4

_ WCHAR_MAX_ <constant> 2147483647

__ WCHAR_MIN__ <constant> (-2147483647-1)

__ WCHAR_TYPE__ <constant> int

_ WCHAR_WIDTH_ _ <bits> 32

_ SIZEOF_WCHAR_T__ <bytes> 4

_ WINT_MAX__ <constant> 4294967295

__ WINT_TYPE__ <constant> unsigned int

_ WINT_WIDTH__ <bits> 32

__ WINT_UNSIGNED__ <constant> 1

_ SIZEOF_WINT_T__ <bytes> 4

_ FLT DECIMAL_DIG__ <digits> 9

__FLT DENORM_MIN__ <constant> 1.40129846¢-45F

__FLT DIG__ <digits> 6

_ FLT _EPSILON__ <constant> 1.19209290e-7F

_ FLT_MANT_DIG__ <bits> 24

__ FLT MAX 10 EXP__ <constant> 38

__ FLT MAX _EXP_ <constant> 128

__FLT MAX_ <constant> 3.40282347e+38F

__ FLT_MIN_10_EXP__ <constant> -37

__FLT _MIN_EXP__ <constant> -125

continues on next page
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Table 3.2 — continued from previous page

Symbol Value Kind Value / Description

_ FLT MIN__ <constant> 1.17549435e-38F

__ FLT RADIX_ <constant> 2

_ SIZEOF_FLOAT__ <bytes> 4

__ DBL_DECIMAL_DIG__ <digits> 17

__ DBL_DENORM_MIN <constant> 4.9406564584124654e-324
__ DBL DIG <digits> 15

_ DBL_EPSILON_ <constant> 2.2204460492503131e-16

_ DBL_MANT DIG__ <bits> 53

__ DBL_MAX 10 EXP__ <constant> 308

__ DBL_MAX EXP <constant> 1024

__ DBL_MAX__ <constant> 1.7976931348623157e+308
__ DBL MIN 10 EXP__ <constant> -307

_ DBL MIN _EXP <constant> -1021

__ DBL MIN <constant> 2.2250738585072014e-308
_ DECIMAL_DIG__ <constant> _ LDBL_DECIMAL_DIG__
__LDBL_DECIMAL_DIG__ | <digits> 17

_ LDBL_DENORM_MIN__ | <constant> 4.9406564584124654¢-324L
__LDBL_DIG__ <digits> 15

_ LDBL_EPSILON__ <constant> 2.2204460492503131e-16L
_ LDBL_MANT DIG__ <bits> 53

__ LDBL_MAX 10 EXP <constant> 308

__ LDBL_MAX EXP <constant> 1024

_ LDBL_MAX_ <constant> 1.7976931348623157e+308L
__ LDBL_MIN_10_EXP__ <constant> -307

__ LDBL_MIN_EXP__ <constant> -1021

_ LDBL_MIN__ <constant> 2.2250738585072014e-308L

3.2.7 Attributes

Contents:

Attribute Syntax

There are three different kinds of attributes supported by the c29clang compiler:

e Function Attributes
e Variable Attributes

* Type Attributes
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General Syntax

In general, an attribute can be applied to a function, variable, or type in the following ways:

attribute-specifier <function, variable, or type>

<function, variable, or type> attribute=specifier

where an attribute-specifier consists of the following parts:

__attribute__ ((attribute-list))

An attribute-list consists of zero or more comma-separated attributes where each attribute can be:

an attribute name that takes no arguments (like noinit or persistent),

an attribute name that expects a list of arguments enclosed in parentheses (like aligned or
section). Further details about argument requirements are provided in the descriptions of
those attributes that take arguments, or

empty, in which case the attribute-specifier is ignored.

Examples

An attribute-specifier can precede a variable definition:

__attribute_ ((section/( ))) int my_var;

An attribute-specifier can be specified at the end of an uninitialized variable declaration:

int my_var __ attribute_ ((section( )) ),

An attribute-specifier can be applied to an initialized variable:

int my_var __ attribute_ ((section( ))) = 5;

The attribute-specifier in this case must precede the initializer.

An attribute-specifier can be applied to a structure member:

struct ({
char ml;
int m2 _ attribute ((packed));
int m3;

} packed_struct = { 10, 20, 30 };

In this case, struct member m?2 is aligned on a 1-byte boundary relative to the beginning of
the struct due to the packed attribute, but m3 is aligned on a 4-byte boundary relative to the
beginning of the struct.
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* An attribute-specifier applied to a struct type can apply to all members of the struct:

struct _ attribute ((packed)) {
char ml;
int m2;
int m3;

} packed_struct = { 10, 20, 30 };

In this case, all members of the struct are aligned on a 1-byte boundary relative to the begin-
ning of the struct due to the packed attribute.

* Multiple attributes can be applied in a single attribute-specifier:

__attribute_ ((noinit,location(0x100))) int noinit_location_
—global;

* An attribute-specifier that precedes a list of function declarations applied to all of the decla-
rations in the same statement:

_attribute_  ((noreturn)) wvoid dO0 (void),

_ attribute_ ((format (printf, 1, 2))) dl (const char «,
)y,

d2 (wvoid);

In this case, the noreturn attribute applies to all the declared functions, but the format at-
tribute only applies to d/.

Function Attributes

The following function attributes are supported by the compiler:

* alias

* aligned

* always_inline

* const

* constructor

* deprecated

* format

* format_arg

* fully_populate_jump_tables

* interrupt
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e location
e malloc
e naked

e noinline
* nomerge
e nonnull
* noreturn
* optnone
* pure

* section
* used/retain
* visibility
* weak

* weakref

See C29x Security Model for information about protected calls and wuse of the
c29_protected_call function attribute.

Note: Function Attribute Syntax

A function attribute specification can appear at the beginning or end of a function declaration
statement:

<function declaration> _ attribute_ ((<attribute-list>));

or

__attribute_ ((<attribute-list>)) <function declaration>;

However, when a function attribute is specified with the function definition, if it appears between
the function specification and the opening curly brace that indicates the start of the function body,
the compiler will emit a warning diagnostic. For example,

void emit_msg(void) _ attribute_ ((always_inline)) {
printf ( , ++counter);
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%> c29clang —-mcpu=c29.c0 -c always_inline_function_attr.c
always_inline_function_attr.c:8:36: warning: GCC does not allow
'always_inline' attribute in this position on a function
definition [-Wgcc-compat]

void emit_msg(void) __ attribute_ ((always_inline)) {

A

1 warning generated.

The warning can be disabled using the -Wgcc-compat option or by moving the function attribute
specification before the function specification.

alias

The alias function attribute can be applied to a function declaration to instruct the compiler to
interpret the function symbol being declared as an alias for another function symbol that is defined
in the same compilation unit.

Syntax
<return type> source symbol (<arguments>) __attribute__((alias(target symbol)));

* source symbol - is the subject of the function declaration that will become an
alias of the target symbol.

* target symbol - is a function symbol defined in the same compilation unit as the
declaration of source symbol, to which references to source symbol will resolve
to.

Example

In the following C code, both a weak and an alias attribute are applied to the declaration of
event_handler so that calls to event_handler will be resolved by default_handler unless a strong
definition of event _handler overrides the weak definition at link-time:

void default handler () {
printf ("This is the default handler\n");

void event_ handler (void) _ attribute_ ((weak, alias("default
—~handlexr")));

(continues on next page)
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(continued from previous page)

int main () {
event_handler () ;
return 0O;

If the above code is compiled and linked and run, the output reveals that the reference to
event_handler resolves to a call to default_handler:

%> c29clang —-mcpu=c29.c0 alias_func_attr.c -o a.out -Wl,-1lnk.
—cmd, -ma.map

The output when the program is loaded and run is as follows:

This 1s the default handler

If we add a strong definition of event_handler to the build, then the reference to event_handler will
be resolved by the strong function definition of event_handler:

void event handler () {
printf ( )i

%> c29clang —mcpu=c29.c0 alias_func_attr.c event_handler _impl.c -
—~0 a.out -Wl,-1lnk.cmd, -ma.map

The output when the program is loaded and run is as follows:

This is the event handler implementation

aligned

The aligned function attribute can be applied to a function in order to set a minimum byte-
alignment constraint on the target memory address where the function symbol is defined.

Syntax
<return type> symbol (<arguments>) __attribute__((aligned(alignment)));

* alignment - is the minimum byte-alignment for the definition of the symbol. The
alignment value must be a power of 2. The default alignment for a symbol is
4-bytes.
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Example

The following example shows a program that calls a function with an aligned attribute applied to
it:

_ _attribute_ ((aligned(64))) wvoid aligned_func() {
printf (
(unsigned long) &aligned_func);

14

int main() {
aligned_func();
return O;

When compiled and linked and run, the output of the program shows that the effective
address of aligned_func is on a 64-byte boundary (the 1 in the LS bit of the printed
address indicates the code state for the function):

%> c29clang —-mcpu=c29.c0 aligned_func_attr.c -o a.out -Wl,-1lnk.
—cmd, —ma .map

The output when the program is loaded and run is as follows:

This function's address 1s: 0x00001981

always_inline

The always_inline function attribute can be applied to a function to instruct the compiler that the
function is to be inlined at any call sites, even if no optimization is specified on the c¢29clang
command line.

Syntax
<return type> symbol (<arguments>) __attribute__((always_inline));
Example

The following use of the always_inline function attribute will cause the body of emit_msg to be
inlined where main calls emit_msg:

int counter = 0;

(continues on next page)
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(continued from previous page)

__attribute_ ((always_inline)) wvoid emit_msg () {
printf ( , ++counter);

int main () {
emit_msqg () ;

)

)

emit_msg () ;

emit_msqg (

14

The compiler-generated assembly source for the above C code inlines the body of emit_msg, even
though no optimiz