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About this document

Assumptions

This document assumes that you already have a solid knowledge of the following:

e The C/C++ programming language.
e The build process to create embedded applications.

Typographic conventions for syntax

This manual uses the following typographic conventions:

Style Used for
Body Body text.
keywor d Command line keyword.
<opti on> Placeholder for a parameter.
Sanpl e Sample code in program examples.
Reference Reference to chapters, sections, tables and figures or other doc-
uments.
SEGGER home page A hyperlink to an external document or web site.
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Chapter 1

About the compiler
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8 CHAPTER 1 Introduction

1.1 Introduction

This section presents an overview of the SEGGER Compiler and its capabilities.

1.1.1 What is the SEGGER Compiler?

The SEGGER Compiler is an optimizing C/C++ compiler for ARM and RISC-V microcon-
trollers. It is based on The LLVM Compiler Infrastructure and Clang technology. Clang is a
compiler front end for LLVM that supports the C and C++ programming languages.

The SEGGER Compiler shares the front-end with the clang compiler and therefore supports
the latest C and C++ language features. The back end, which produces the binary ob-
jects for the target architecture has been optimized by SEGGER to generate fast and small
Thumb/Thumb-2 code.

1.1.2 Compiler input and output files

The compiler usually translates C or C++ source code files into ELF object files. The resulting
ELF object files are not executable on any CPU, they must be processed by a linker in order
to create an executable file.

A typical build process looks like:

Assembly C/C++ ;
source source Library
“ " Assembler “ 7 Compiler
ELF ELF
object object
l ELF

Y | executable
—> A Linker

Other types of files can be generated and / or processed by the compiler, too. The following
types of files are known by the compiler:

. filename Input /

9% @i flle extension | Output
C-source. C source code according any ISO C standard. .C In
C++-source. C++ source code according any ISO C++ standard. |.cpp . cc In

Header. Can be included by C/C++ source files. Not used as di-

rect input to the compiler. usually . h
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9 CHAPTER 1 Introduction

. filename Input /
9% @ifflle extension | Output
C-preprocessed. C source processed by the C preprocessor. i In+Out

C++-preprocessed. C++ source processed by the C preproces-
sor.

S In+Out

LLVM Language. File containing LLVM's device independent code
representation in binary format. It may be used as input for the . bc Out
LTO tool, see Link Time Optimization.

Assembly. File containing assembly instructions for the given tar-
get processor.

Object. Binary object file in ELF format. Not executable, must be
processed by a linker to create an executable file.

.asm.s In+O0ut

.0 Out

When the compiler translates a C file into an object file, then internally the following trans-
lations are performed:

C/C++ —> (C/C++ —> LLVM —> Assembly —> ELF
source preprocessed Language source object

The intermediate results are usually not output to a file, but the compiler can be instructed
to output any of the intermediate files instead of the object file and stop translation at this
point. The following table shows all translations possible.

k5
& >
- Q o >
> (&] > =
o o (@] o) 6
5 S S S @
= D
@) o - o o
z s @ e
T 2
L\) —
Input ©
C/C++-source v v v v
C/C++-preprocessed v v v
LLVM Language v v
Assembly v
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10 CHAPTER 1 Libraries

1.2 Libraries

In order to get an executable application the object files generated by the compiler must
be linked against appropriate C/C++ runtime libraries. These libraries must provide:

e An implementation of the library features as defined in the C standards.
e An implementation of the ISO C++ library standard.
e An implementations of low-level language features.
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Running the Segger Compiler

SEGGER Compiler User Guide & Reference Manual © 2019-2024 SEGGER Microcontroller GmbH



12

CHAPTER 2 General compiler invocation

2.1 General compiler invocation

On each execution of the compiler only a single C/C++ input file can be processed and
converted into an output file. To process assembly files, see Running the compiler on as-
sembly files. General command line syntax:

segger-cc <opti ons> <out put -type> <i nput-file>-o0 <output-file>

<out put -t ype> determines the type of output file to be generated by the compiler:

<out put -t ype>

Type of output file

-C . . -
_enit - obj Binary object file in ELF format
-S Assembly file

-E Preprocessed C/C++

-emt-11lvmbc

Binary LLVM Language file

The type of an input file is determined by the file extension, as described in Compiler input
and output files. If the input file type doesn't match the file's extension, then the input
file type to be used by the compiler can be specified with the - x option. For example: To
compile a file t est. ¢ as C++ source, add the option:

-X CH++
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13 CHAPTER 2 Mandatory compiler options

2.2 Mandatory compiler options

2.2.1 Specifying the target architecture
It's required to specify the target architecture or target CPU for which the compiler shall
generate code, using the option:
--target=<target-architecture>
or
--target =<t arget-cpu>

Supported architectures and cpus are:

ARM (32-bit) <target-architecture>

armv4, armv4t, armv5t, armv5te, armv5tej

armv6, armv6-m, armv6k, armv6kz, armvét2

armv7-a, armv7-m, armv7-r, armv/7e-m, armv7ve

armv8-a, armv8-m.base, armv8-m.main, armv8-r, armv8.1-a
armv8.1-m.main, armv8.2-a, armv8.3-a, armv8.4-a, armv8.5-a
armv8.6-a, armv8.7-a, armv8.8-a, armv8.9-a, armv9-a
armv9.1l-a, armv9.2-a, armv9.3-a, armv9.4-a, armv9.5-a

ARM (32-bit) <target-cpu>

arm-arm1136j-s, arm-arm1136jf-s, arm-arm1156t2-s, arm-arm1156t2f-s
arm-arm1176jz-s, arm-arm1176jzf-s, arm-arm710t, arm-arm720t
arm-arm7tdmi, arm-arm7tdmi-s, arm-arm8, arm-arm810

arm-arm9, arm-arm920, arm-arm920t, arm-arm922t
arm-arm926ej-s, arm-arm940t, arm-arm946e-s, arm-arm966e-s
arm-arm968e-s, arm-arm9e, arm-arm9tdmi, arm-cortex-al2
arm-cortex-al5, arm-cortex-al7, arm-cortex-a32, arm-cortex-a35
arm-cortex-a5, arm-cortex-a53, arm-cortex-a55, arm-cortex-a57
arm-cortex-a7, arm-cortex-a710, arm-cortex-a72, arm-cortex-a73
arm-cortex-a75, arm-cortex-a76, arm-cortex-a76ae, arm-cortex-a77
arm-cortex-a78, arm-cortex-a78c, arm-cortex-a8, arm-cortex-a9
arm-cortex-m0, arm-cortex-mOplus, arm-cortex-m1, arm-cortex-m23
arm-cortex-m3, arm-cortex-m33, arm-cortex-m35p, arm-cortex-m4
arm-cortex-m52, arm-cortex-m55, arm-cortex-m7, arm-cortex-m85
arm-cortex-r4, arm-cortex-r4f, arm-cortex-r5, arm-cortex-r52
arm-cortex-r7, arm-cortex-r8, arm-cortex-x1, arm-cortex-x1c

RISCV <target-architecture>
e riscv32

e riscvb4
Instruction set for ARM targets

For 32-bit ARM targets it should also be specified if either the THUMB or ARM instruction
set shall be used:

- mar m
-mo_t hunb

or
- nt hunb
Default is THUMB instruction set, if supported by the architecture.
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2.2.2 Specifying target features

Each target architecture has a set of features that can be separately enabled or disabled.
Target features include for example:

Instruction set extensions like floating point, vector operation, DSP instructions
Size of register sets

Floating point precision

Optimization preferences

Capability for unaligned memory accesses

For each target CPU there is a predefined set of target features that are enabled by default,
see Implicit applied target features for ARM CPUs. If one of these default target features
shall not be used, it must be explicitly disabled.

To explicitly enable or disable a target feature, use the compiler option:
-target-feature +<feature-nanme> (enable)

or
-target-feature -<feature-nanme> (disable)

The compiler will output a list of actually applied target features for a compile run, when
specifying:

-target-feature +list

See Complete list of supported target features.

2.2.3 Specifying an optimization level

It's recommended to always specify a suitable optimization level. The compiler supports
these optimization levels:

Option Optimization goals

No optimization. Generate object code that directly corresponds to the
source code for best debugging experience.

-01 Basic optimization. Still good debug experience.
Optimization balancing code size reduction and fast performance. Best suit-

-00

-Os ed for embedded applications.

-02 Optimization for fast performance while accepting greater code size.

-0z Optimization for minimal code size while accepting slower execution speed.
-03 More aggressive optimization for execution speed.

2.2.4 Specifying a language standard

Always specify a language standard to compile for, using the option:
- st d=<st andar d>

The Compiler supports Standard and GNU variants of source languages as shown in the
following table.

Language Supported ISO standards Supported GNU standards
C c90 c99 c11 c17 gnu90 gnu99 gnull gnul?
Cat C++98 c++11 c++14 gnu++98 gnu++11 gnu++14

C++17 c++20 c++23 gnu++17 gnu++20 gnu++23

Because the compiler uses available language extensions by default, it does not check
for strict ISO standard when selecting an ISO C/C++ standard. To compile to strict ISO
standard for the source language, use the - Wiedanti ¢ or - Whedant i c- er r os option. This
options generate warnings or errors where the source code violates the ISO standard.
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CHAPTER 2 Mandatory compiler options

2.2.5 Selecting floating-point options

The compiler supports floating-point arithmetic and floating-point data types by either

e Libraries that implement floating-point arithmetic in software, or
e Hardware floating-point registers and instructions that are available on most CPUs.

Code that uses floating-point hardware is more compact and faster than code that uses
software libraries for floating-point arithmetic, but can only be run on processors that have
the floating-point hardware. Code that uses software floating-point libraries can run on all
processors, even on processors that do not have any floating-point hardware. Therefore,
using software floating-point libraries makes the code more portable.

There are various options that determine how the compiler generates code for floating-point
arithmetic. Depending on your target, one or more of these options may be required to gen-
erate floating-point code that correctly uses floating-point hardware or software libraries.

Code generation for floating-point arithmetic is mainly controlled by target features (see
Specifying target features). After selecting a target architecture or target CPU then a set of
floating-point options are enabled by default that match the capabilities of the hardware,
see Implicit applied target features for ARM CPUs. If different than the default floating-point
features shall be used by the compiler all of the default enabled features that shall not be
used must be explicitly disabled. To disable all default floating-point features the option:

-target-feature -inplicit-fp

can be specified. In this case only the floating point features explicitly enabled on the
command line will be active.

2.2.5.1 Floating-point Application Binary Interface

Floating-point Application Binary Interface (ABI) refers to how the floating-point arguments
are passed to and returned from function calls. The compiler can use hardware linkage
or software linkage. The compiler passes and returns floating-point values either in gener-
al-purpose registers or in floating-point registers. Options to select the floating-point ABI
for ARM targets:

Option Behavior
-nmsoft-fl oat No use of any floating point unit. Calls to the C library are
-nfl oat-abi soft generated to implement floating point operations.
- rthar d-f | oat Hardware floating-point instructions are generated to imple-

ment floating point operations and floating-point registers

-nfloat-abi hard are used to pass floating point parameters on function calls.

Hardware floating-point instructions are generated to imple-
-nfloat-abi softfp ment floating point operations, but general-purpose registers
are used to pass floating point parameters on function calls.

Options to select the floating-point ABI for RISC-V targets:

Option Behavior

Floating point arguments are passed in general purpose reg-

-target-abi ilp32 isters. No requirements on instruction set / hardware.

32bit and smaller floating point types are passed in float-
-target-abi il p32f ing-point registers. Requires F type floating point registers
and instructions (target feature +f ).

64bit and smaller floating point types are passed in float-
-target-abi il p32d ing-point registers. Requires D type floating point registers
and instructions (target feature +d).
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2.2.5.2 Disabling floating-point hardware

To completely disable the use of floating-point hardware instructions for ARM targets use
the options:

-nsoft-float -target-feature -implicit-fp

Disabling floating-point arithmetic may not disable the use of the floating-point hardware
completely because the floating-point hardware unit may still be used for special integer
arithmetic operations. For example see target features nve and nve. f p.

2.2.6 C++ exceptions

In order to compile C++ source files that use exception handling (t hrow() and catch()),
this must be enabled with the option:

-fcxx- exception

2.2.7 Debugging

In order to generate and store information for debugging into the output file, use the
options:

- debug-i nf o- ki nd=st andal one -dwarf-versi on=4 -debugger-tuni ng=gdb

This generates debug information suitable for gdb or compatible debuggers. DWARF ver-
sions 2, 3, 4, or 5 are supported.

Note

Higher optimization levels usually result in poor correspondence of the generated code
to the source code, which makes debugging more difficult. Therefore we recommend
optimization levels - Q0 or - OL for debugging.
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2.3 Controlling diagnostic messages

The compiler provides diagnostic messages in the form of warnings and errors. The format
of a diagnostic messages is:

<file>: <line>: <colum>: <nessage-type>: <nmessage-text>

Field Contents
<file> The name of the source file that contains the error or warning
<line> The line number that contains the error or warning.
<col um> The column position of the error or warning.
<nessage-type> The type of the message: error, warning or note.

The message text. This text might end with a diagnostic group
of the form - W&gr oup> to identify the diagnostic group that the
message belongs to. The group can be used to suppress the
message or change it's message type, see below.

<nessage-t ext>

If any error message is generated, the compiler will not create any output file and will
return a non-zero exit status.

You can use options to suppress these messages or enable them as either warnings or
errors:

Option Description

- W&gr oup> Enable warnings of diagnostic group <gr oup>

This enables all the warnings about constructions
-\Val | that some users consider questionable, and that are
easy to avoid

Enable warnings for deprecated constructs and de-
fine _ DEPRECATED

-\érror Turn all warnings into errors

- Wiepr ecat ed

- VT r or =<gr oup> Turn all messages of diagnostic group <gr oup> into

errors

This enables some extra warning messages that are
-\Wéxtra

not enabled by -Wall
- Who- <gr oup> Disable warnings of diagnostic group <gr oup>

Turn all messages of diagnostic group <gr oup> into

- Who- err or =<gr oup> .
warnings

Issue warning when violations of the selected lan-

- Wedantic guage standard are detected

Issue errors when violations of the selected lan-

-Vpedantic-errors guage standard are detected

Example

To suppress the warning:
File.c:557:10: warning: no previous prototype for 'foo' [-Wr ssing-prototypes]

you can specify the option:

- Who- m ssi ng- pr ot ot ypes
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18 CHAPTER 2 Useful options for embedded applications

2.4 Useful options for embedded applications

On Embedded systems resources like memory and cpu time are usually restricted, therefore
code and data size as well as execution speed are generally an issue. This section describes
some compiler options that are strongly recommended or at least very useful to create
efficient embedded application software.

2.4.1 Datatype of enum

According to the C/C++ standard, an enumeration variable has underlying 'int' data type.
But enumerations do not need to be stored in integers. If the range of values fits into a
smaller data type, the compiler can use this instead.

Recommendation: Use option - f short - enuns if possible.
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19 CHAPTER 2 Running the compiler on assembly files

2.5 Running the compiler on assembly files

To compile assembly files the compiler contains an integrated assembler. A different invo-
cation of the compiler is required:

segger-cc -cclas <options> <assenbly-file>-o0 <output-file>

The options available for the assembler are a subset of the compiler options, see List of
all compiler options.

Mandatory options to compile assembly files

e Specifying the target architecture
e Specifying target features
e Options to generate and store information for Debugging
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Compiler-specific extensions

This chapter describes compiler extensions to the C and C++ Standards.
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21 CHAPTER 3 Function and Variable Attributes

3.1 Function and Variable Attributes

The SEGGER compiler provides function and variable attributes that are extensions to the
C and C++ Standards. Attributes use the following syntax:

__attribute__((<option+paraneter>))

Attributes can be placed before or after a function or variable declaration or definition,
except for function definitions which must follow the attribute. Examples:

uint8_t Buff[1024] _ _attribute__((aligned(16)));
int fool(unsigned x) _ attribute__ ((section("my_text")));

_attribute_ ((section("my_text"))) int foo2(unsigned x, unsigned y) {
return x+y;

}

Supported attributes:

Attribute Applicable Description

Place the code or variable into the
different section “ nanme” of the
image rather than . text or.data

Variable,

__attribute_ ((section(“<name>"))) | oo o

Specifies a minimum alignment
_attribute_ ((aligned(<n>))) Variable | for the variable of <n> bytes. <n>
must be a power of 2.

Instruct the compiler to inline the

__attribute_ ((always_inline)) Function function whenever possible
__attribute_ ((noinline)) Function | Prevent the inlining of a function
_attribute_ ((noreturn)) Function Asserts that a function never re-

turns.

Variable, | Export the function / variable

—attribute__((weak)) Function | symbol weakly.
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Controlling code generation
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23 CHAPTER 4 Unaligned memory access

4.1 Unaligned memory access

Target CPUs read and write memory more efficiently when they store data at an address
that's a multiple of the data size. For example, a 4-byte integer is accessed more efficiently
if it's stored at an address that's a multiple of 4. When data isn't aligned, an unaligned
memory access may be required to access the data.

Some CPUs allow unaligned memory accesses, but need more clock cycles to access the
data. Other CPUs are not capable of unaligned memory accesses and will either generate
an exception or just don't execute the data access correctly.

As the compiler generally aligns data on natural boundaries that are based on the target
processor and the size of the data, unaligned accesses are not required. But during opti-
mization the compiler may generate unaligned memory accesses to improve code size and
execution speed.

Example 1

uint32_t LoadU32LE(const uint8_t * pData) {
uint32_t r;

= *pDat a++;

(uint32_t)*pbata++ << 8;

(uint32_t)*pbata++ << 16;

(uint32_t)*pData << 24;

n

r
r
r
r
r r;

,_..___
[ | I I I I |
5

D

}

Example 2

struct Data_t { unsigned short a,b; };

void Init(struct Data_t *p) {
p->a = 0;
p->b 1;

}

The compiler may generate a single 32-bit load instead of four times loading a byte for
example 1, or a single 32-bit store instead of two 16-bit stores for example 2, even if the
addressed 32-bit word is not aligned on a 4-byte boundary.

4.1.1 Disable unaligned memory access optimizations

This kind of optimizations are performed only for target processors which are known to
support unaligned memory access. It can be disabled anyway, using the compiler option:

-target-feature +strict-align (for ARM targets)
-target-feature -fast-unaligned-access (for RISC-V targets)
It can also be disabled by declaring the access 'volatile':
ui nt 32_t LoadU32LE(vol atile const uint8_t * pData) {

uint32 t r;
r = *pDatat+;

4.1.2 Special cases

Usually the compiled application works as expected and there is no need to care about
unalighed memory accesses, but there are some exceptions to consider:
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24 CHAPTER 4 Unaligned memory access

Runtime configuration of unaligned memory support

On some processors the support for unaligned memory access can be enabled or disabled
at runtime by setting a control register of the CPU. In this case either

e make sure that unaligned memory access is enabled in the CPU at startup of the
application or
o disable generating of unaligned memory access using the compiler option above.

Special memory areas

Although unaligned memory access is supported by the target processor there may be
certain memory areas in the target system where an unaligned memory access is not
possible. In this case either

e protect all accesses to this special memory areas with the 'volatile' keyword in your
source code or
e disable generating of unaligned memory access using the compiler option above.

Unaligned memory access caused by the source code

uint32_t LoadU32LE(const uint8_t * pData) {
return *((const uint32_t *)pData);
}

The cast tells the compiler to access the memory location like a normal (aligned) 32-bit
value which may result in an unaligned access. In general this is non portable code. Any
compiler option or 'volatile' specifier will not prevent an unaligned access. To avoid un-
aligned access in this case:

e Make sure that the pointer pDat a is always correctly aligned before calling the function or
e write portable code avoiding nasty casts.

Note: The code above also depends on the endianess of the target processor and will give
different results on big- and little-endian CPUs.
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4.2 Using the volatile keyword

Using the volatile keyword when declaring a variable ensures that the compiler does not
optimize any use of the variable on the assumption that this variable is unused or unmod-
ified. The declaration of a variable as volatile tells the compiler that the variable can be
modified at any time externally to the implementation, for example:

e By another thread or an interrupt routine or signal handler.
e By hardware.

A volatile declaration prevents the compiler from:

e Eliminating a read access to the variable because it's value is already known or held
in a CPU register.

e Eliminating a write access to the variable because it's never used afterwards.

e Combining the memory access to the variable with other read/write accesses, see
Unaligned memory access.

e Changing the type of the variable.

e Completely eliminating the variable.

In practice, you must declare a variable as volatile when:

e Accessing memory-mapped peripherals.

e Sharing global variables between multiple threads.

e Accessing global variables that may be modified in an interrupt routine or signal handler.
e Implementing time delays using a counting loop.

e Accessing memory that might be modified via DMA.

If you do not use the volatile keyword where it is needed, then the compiler might optimize
accesses to the variable and generate unintended code or remove intended functionality.

Example 1

uint32_t State;

int func() {
State = 0;

// Interrupt may occur changing 'State'
if (State '=0) {

}
}

The compiler may remove the complete if-clause as it didn't expect that St at e is modified
outside the function.

Example 2

uint32_t *pStatus = (uint32_t)0xC0010300; // The status register of a peripheral
while (*pStatus & BUSY BIT) {} /1 Wait until the peripheral gets ready

This may result in an endless loop as the status register may be read only once before
the loop.

Example 3
for (int Count = 0; Count < 100000; ++Count) {} /1 Time del ay

The compiler may remove the whole loop, because the value of Count is never used.

Example 4
static uint32_t State;
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voi d funcA() {

if (...) State
el se State

0;
4711;

}

int funcB() {
if (State == 4711) return O;

}

The compiler may change the type of St at e into bool , because St at e can only take two
different values.
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CHAPTER 4 Function inlining

Function inlining means that a function, whose definition is known at compile time, is inte-
grated into the body of its caller to eliminate the overhead of the function call. This opti-
mization is used to increase execution speed and/or reduce code size. The compiler decides
which functions are actually inlined using internal heuristics considering the selected opti-
mization goal. Function inlining may significantly increase code size if optimizing for speed.

4.3.1 Controlling inlining

Function inlining can be controlled via keywords or functions attributes in the source code

and via compiler command line options.

Change inline behavior of individual functions:

Function keyword or attribute

Description

inline

Specifying this keyword on a function definition
or declaration gives the compiler a hint to favor
inlining of the function. However, it's still the
decision of the compiler whether to inline the
function or not.

__attribute_ ((always_inline))

Specifying this function attribute on a function
definition or declaration tells the compiler to al-
ways inline the function if possible.

__attribute__((noinline))

Specifying this function attribute on a function
definition or declaration tells the compiler to
never inline the function.

Globally change inline behavior:

Command line option

Description

-fno_inline

Disable inlining except for functions with the
al ways_i nl i ne attribute

-finline-hint-functions

Disable inlining of function that have neither
the al ways_i nl i ne attribute nor the i nl i ne
keyword specified

SEGGER Compiler User Guide & Reference Manual

© 2019-2024 SEGGER Microcontroller GmbH



28 CHAPTER 4 Undefined behavior

4.4 Undefined behavior

The C and C++ standards consider any code that uses non-portable, erroneous program
or data constructs as undefined behavior. SEGGER provides no information or guarantees
about the behavior of the compiler when presented with a program that exhibits undefined
behavior. That includes whether the compiler attempts to diagnose the undefined behavior.
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Link Time Optimization

Link Time Optimization (LTO) is another name for intermodular optimization performed on
the whole application code. Much more efficient code can be generated when the compiler
handles the complete application code instead of optimizing each single C/C++ module
separately.

This chapter shows how to use the compiler for LTO.
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5.1 Typical build process with LTO

The name “Link Time Optimization” may be misleading, because LTO must not be confused
with the operation performed by the linker. The picture shows a typical build process when
using LTO.

Assembly C/C++ Librar
source source y
“* Assembler [ -y Compiler}
ELF LLVM
object e
., Compiler
(LTO)
ELF
object
l ELF
¥ | executable
—p AN Linker

Like in a normal build process each C/C++ source file must be translated by a separate
compiler run, but for LTO the option -eni t-1 1 vm bc must be used in order to create a LLVM
language output file (with extension . bc) for each source file.

In a second (LTO-) step, the compiler processes all LLVM language files in a single run,
creating a single ELF object file as result. All other ELF object files (and libraries) that should
be linked into the final application must be provided to the compiler, too. These files are not
translated or merged into the output file, instead they are only used to scan for symbols
to be preserved in the output.

Example

In a project there is usually some startup code written in assembly language, that calls
the mai n() function: A Startup. o object file generated from a Startup. asmfile by an
assembler. The function mai n() itself is located in a C/C++ file that is processed by the
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compiler during a LTO run. If the compiler can't see the St ar t up. o file, it may consider the
function mai n() to be never called and remove it during optimization.

After the LTO pass the resulting object file has to be linked with the other ELF object files
and libraries using a linker tool in order to get an executable application.

While using LTO usually generates better target code, there is one disadvantage: The com-
pile time for partially rebuilds. If only a single C source file has changed a rebuild of the
application without LTO only requires to compile the single source file and perform the link
step. With using LTO the optimization and code generation for all C/C++ modules have to
be processed, which usually takes more time.
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5.2 Compiler invocation for LTO

Command line syntax to execute a LTO pass:
segger-cc -ccll to <options> <out put-type><input-files>...-0<output-file>

Exactly the same options can be used as for a normal compiler run with the following
differences:

1) Multiple input files can be specified, each must be either:

e A LLVM language (. bc) file
e A relocatable ELF object file
e A library containing ELF object files

2) <out put -t ype> must be one of -c / -eni t-obj or-S.

3) Additional options are available:

Option Description

The compiler reads a list of input files from <fi | e>

-input-list <file> which must be a text file containing one file name or file
path per line.

-output-list <file> The compiler writes a list of object files into <fi |l e>
Requests that the compiler keeps <synbol > in the gen-

- - keep- synbol <synbol > erated output that may otherwise be discarded by opti-
mization.

Mandatory options for LTO

e Specifying the target architecture
e Specifying target features
e Specifying an optimization level

Even if the same options can be used for both the compile and LTO invocation of the com-
piler, some option are only handled by one of these passes. For example: Language options
like - W - D or - st d= can be specified, but are silently ignored by the LTO pass.
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Compiler options reference
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6.1 Undocumented compiler features

The SEGGER Compiler is built on LLVM technology and preserves the functionality of that
technology where possible. This means that there are additional features available in the
compiler that are not listed in this documentation. For information on these features, see
the The Clang Compiler User's Manual.

Any features not documented in this manual are not supported and are used at your own
risk. You are responsible for making sure that any generated code using these features is
operating correctly.
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6.2 List of all compiler options

Options marked with a ™' in the last column can be used for the invocation of the integrated
assembler, see Running the compiler on assembly files.

Option Description

Only run preprocess, compile, and assemble *

"¢ steps

Define <macr o> to <val ue> (or 1 if <val ue>
-D <nmcr o>=<val ue> (

omitted)

- debug- i nf o- ki nd=st andal one Generate complete debug info *

- debug-info-macro Emit macro debug information *

- debugger - t uni ng=gdb Tune debug info for gdb *

-dependency-file <val ue> Filename (or -) to write dependency output to

I Print include directives in -E mode in addition to
normal output

-di sable-free Disable freeing of memory on exit

-di sable-llvmverifier Don't run the LLVM IR verifier pass

- dM Print macro definitions in -E mode instead of nor-
mal output

- dwar f - ver si on=<val ue> Set DWARF version to <val ue> *

-E Only run the preprocessor

-emt-llvmbc Build ASTs then convert to LLVM, emit .bc file

-enit-obj Emit native object files

- except i on- nodel =dwar f Set exception model to "DWARF”

-fansi - escape- codes Use ANSI escape codes for diagnostics

-fcol or-di agnostics Enable colors in diagnostics

_f comon Place uninitialized global variables in a common
block

-f cxx- excepti ons Enable C++ exceptions

-fdat a-sections Place each data in its own section (Default)

-ffunction-sections Place each function in its own section (Default)

Sets various macros to claim compatibility with
the given GCC version (default is 4.2.1)

Inline functions which are (explicitly or implicitly)
marked inline

-fgnuc- ver si on=<val ue>

-finline-hint-functions

Generate calls to instrument function entry and

-finstrunent-functions .
exit

Require math functions to indicate errors by set-

-fmath-errno )
ting errno

-fnative-hal f-argunents-and- |Use the native __f p16 type for arguments and
returns returns (and skip ABI-specific lowering)

Use the native half type for __f p16 instead of

-fnative-hal f-type promoting to float

-fno-builtin Disable implicit builtin knowledge of functions
-fno-caret-di agnostics Disable caret line in diagnostic messages

-f no- conmon Compile common globals like normal definitions
-f no-dat a- secti ons Use one data section for each source file

-fno-di agnostics-fixit-info Do not include fixit information in diagnostics
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Option

Description

-fno-functi on-sections

Use one text section for each source file

-fno-inline

Prevent inlining of functions

-fno-rtti

Disable generation of rtti information

- f no- si gned- char

char is unsigned

-fshort-enuns

Allocate to an enum type only as many bytes as
it needs for the declared range of possible values

-fstack-si ze-section

Emit section containing metadata on function
stack sizes

- funwi nd-t abl es=0

Don't generate unwinding tables

-funwi nd-t abl es=1

Generate “synchronous” unwinding tables for all
functions

-funwi nd-t abl es=2

Generate “asynchronous” unwinding tables (instr
precise) for all functions

-fwechar -t ype=<val ue>

Select underlying type for wchar _t, <val ue> is

/Y

one of “char”, “short” or “int”

Generate Dwarf .debug_pubnanes and .de-

- gpubnanes bug_pubt ypes sections
-hel p Display available options
1 <dirs Add directory to the end of the list of include

search paths

-imacros <file>

Include macros from file before parsing

-include <file>

Include file before parsing

-iquote <directory>

Add directory to QUOTE include search path

-isystem <directory>

Add directory to SYSTEM include search path

-mai n-fil e-nane <val ue>

Main file name to use for debug info and source
if missing

-marm

Use ARM instruction set (ARM only)

- bi g- endi an

Target has little big byte order set (ARM only)

- nmbss=<val ue>

name the .bss section

-nconstructor-aliases

Enable emitting complete constructors and de-
structors as aliases when possible

- ndat a=<val ue>

name the .data section

-nfl oat-abi hard

Generate VFP code to implement floating point
operations and use VFP registers to pass floating
point parameters on function calls

-nf | oat-abi soft

Don't use any floating point unit, generate calls
to the C library to implement floating point oper-
ations

-nfl oat-abi softfp

Generate VFP code to implement floating point
operations but use general purpose registers to
pass floating point parameters on function calls

- nf rame- poi nt er=al |

Keep all frame pointers

- nf r ame- poi nt er =nonl eaf

Keep frame pointers in non-leaf functions

-mhar d- f | oat

Generate VFP code to implement floating point
operations and use VFP registers to pass floating
point parameters on function calls

-mittle-endi an

Target has little endian byte order set (ARM only)
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Option

Description

-m | vm -arm add- bui | d-
attri butes

Emit the build attributes that depend on the
hardware into the object file

-m |l vm -arm gl obal -
ner ge=f al se

Don't merge globals

-m1lvm -arm gl obal -
mer ge=true

Merges globals with internal linkage into one,
so that globals which were merged can be ad-
dressed using offsets from the same base pointer

-m | vm - gener at e- ar ange-
section

Generate DWARF aranges in the output file

-m ong- doubl e- 128

Force long double to be 128 bits

- mo-t hunb

Use ARM instruction set (ARM only)

- nT odat a=<val ue>

name the .rodata section

-nsoft-fl oat

Don't use any floating point unit, generate calls
to the C library to implement floating point oper-
ations

- st ack- over f | ow check

Generate stub for stack checking in every func-
tion

-MI' <val ue>

Specify name of main file output in depfile

-t ext =<val ue>

name the .text section

-t hr ead- nodel posi x

Use POSIX thread model

-nm hr ead- nodel single

Compile for a Single Threaded Environment

-t hunb

Use THUMB instruction set (ARM only)

-nobui I ti ni nc

Disable builtin #include directories

- nost dsyst em nc

Disable standard system #include directories

-0 <file> Write output to <fil e>
-l evel > Use optimization <l evel >
-S Only run preprocess and compilation steps

- st d=<val ue>

Language standard to compile for

- sys- header - deps

Include system headers in dependency output

-target-abi aapcs

Use the Procedure Call Standard for the ARM Ar-
chitecture

-target-abi il p32

Use 32-bit integer ABI for RISC-V

-target-abi il p32d

Use 32-bit integer ABI for RISC-V with double
precision floating point

-target-abi il p32e

Use 32-bit integer ABI for RISC-V with 16 regis-
ters

-target-abi il p32f

Use 32-bit integer ABI for RISC-V with single
precision floating point

-target-cpu <val ue>

Target a specific cpu type

-target-feature <val ue>

Target specific attributes

- -tar get =<val ue>

Generate code for the given target

-triple <val ue>

Specify target triple (e.g. i686-apple-darwin9)

- U <nacr o> Undefine macro <macr 0>
-version Print the compiler version
- W&gr oup> Enable warnings of diagnostic group <gr oup>
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Option Description

This enables all the warnings about constructions
-\wal | that some users consider questionable, and that
are easy to avoid

Enable warnings for deprecated constructs and
define __ DEPRECATED

-\érror Turn all warnings into errors

-Wiepr ecat ed

Turn all messages of diagnostic group <gr oup>

- W\ér r or =<gr oup> .
9 P into errors

This enables some extra warning messages that
are not enabled by -Wall

- Who- <gr oup> Disable warnings of diagnostic group <gr oup>

-\Wextra

Turn all messages of diagnostic group <gr oup>

- Who- err or =<gr oup> - .
into warnings

Issue warning when violations of the selected

- Woedant i ¢ language standard are detected

Issue errors when violations of the selected lan-
guage standard are detected

Treat input file as assembly type file. Can be
-X assenbl er-wth-cpp used only to run the preprocessor on assembly
files together with option -E

-\Wedantic-errors

-X ¢C Treat input file as having type C

-X c++ Treat input file as having type C++
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6.3 Predefined macros

The compiler predefines various macros which provide information about toolchain version
numbers and compiler options. The complete list of predefined macros is shown when
adding the options - E - dMat compiler invocation.

Macro name Value Description
Defined when compiling C code, and set to a
value that identifies the targeted C standard.
—STDC_VERSI ON__ Month The value is the month of the release of the
standard (numeric decimal YYYYMM).
Defined when compiling C++ code, and set to
col usol us Month |2 value that identifies the targeted C++ stan-
—Cpiusp dard. The value is the month of the release of
the standard (numeric decimal YYYYMM).
__SEGGER CC Numeric | The major version number of the compiler
__SEGGER CC M NOR__ Numeric | The minor version number of the compiler
__ SEGGER CC PATCHLEVEL__ | Numeric | The patch level of the compiler
_ SEGGER CC VERSI ON__ String T‘!we fgll version of thltla compiler as string
(“major.minor.patch”)
__VERSI ON__ String | Compiler name and version
__GNUC_M NCR_ Numeric | SE00E Sersi on to claim gec compatibilt
~ GNUC_PATCHLEVEL 9 9 P y
__BIG ENDI AN__ 1 Set if compiling for a big endian target
__LITTLE_ENDI AN__ 1 Set if compiling for a big little target

6.3.1 Predefined macros for ARM targets

Macro name Value Description
_arm_ 1 Set if compiling for ARM targets.
__ARM ARCH Numeric | Specifies the version of the target architecture

Set if compiling for the corresponding target ar-
chitecture, in which <arch> is one of: 6M 6 7A

—ARM ARCH <arch>__ 1 7EM 7M 7R 7S 8A 8M BASE 8M MAI N 8R 8_1A
8 1M MAIN 8 2A 8 3A 8 4A 8 5A 8 _6A
ARM ARCH PROFI LE Character IS;')e'af'les ’Ich? profile of the target architecture:
— - A', 'R' or 'M".
ARM FEATURE CL7 1 set if the CLZ (count leading zeroes) instruction
— = - is supported in hardware.
Set if hardware floating-point is available.
Bits 1-3 indicate the supported floating-point
_ ARM FP Numeric | Precision levels:

Bit 1 - half precision (16-bit).

Bit 2 - single precision (32-bit).

Bit 3 - double precision (64-bit).

__ARM ARCH | SA ARM 1 Set if the compiler is creating ARM instructions.

Set if the compiler is creating Thumb instruc-
tions. Value is 1 for Thumb-1, 2 for Thumb-2.

__ARM ARCH_| SA_ THUMB | Numeric
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6.3.2 Predefined macros for RISC-V targets

Macro name Value Description
__riscv 1 Set if compiling for RISC-V targets
Set if the target has extension <ext >. Value is
__riscv_<ext> Version Maj or Ver si on * 1000000 + M nor Version *
1000.

SEGGER Compiler User Guide & Reference Manual © 2019-2024 SEGGER Microcontroller GmbH



41

CHAPTER 6

Complete list of supported target features

6.4 Complete list of supported target features

Target feature

Description

ARM targets

8msecext Enable support for ARMv8-M Security Extensions.
alz Cortex-A12 ARM processors.
als Cortex-A15 ARM processors.
al7 Cortex-A17 ARM processors.
a35 Cortex-A35 ARM processors.

a5 Cortex-A5 ARM processors.

a53 Cortex-A53 ARM processors.
a55 Cortex-A55 ARM processors.
a57 Cortex-A57 ARM processors.

a7 Cortex-A7 ARM processors.

a7z2 Cortex-A72 ARM processors.
a73 Cortex-A73 ARM processors.
a’5 Cortex-A75 ARM processors.
a’6 Cortex-A76 ARM processors.
a77 Cortex-A77 ARM processors.
a78c Cortex-A78C ARM processors.
a8 Cortex-A8 ARM processors.

a9 Cortex-A9 ARM processors.
aclass Is application profile ('A' series).

acquire-release

Has v8 acquire/release (lda/ldaex etc) instructions.

aes Enable AES support.
armv4 ARMv4 architecture.
armv4t ARMv4t architecture.
armv5te ARMv5te architecture.
armv5tej ARMv5tej architecture.
armvé6 ARMv6 architecture.
armv6-m ARMv6m architecture.
armv6kz ARMv6kz architecture.
armv6t2 ARMv6t2 architecture.
armv7-a ARMv7a architecture.
armv7-m ARMv7m architecture.
armv7-r ARMv7r architecture.
armv7e-m ARMv7em architecture.
armv8-a ARMv8a architecture.

armv8-m.base

ARMv8mBaseline architecture.

armv8-m.main

ARMv8mMainline architecture.

armv8-r

ARMvS8r architecture.

armv8.1-m.main

ARMv81mMainline architecture.

armv8.2-a

ARMv82a architecture.

armv9-a

ARMv9a architecture.
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Target feature

Description

avoid-partial-cpsr

Avoid CPSR partial update for OO0 execution.

bf16

Enable support for BFloat16 instructions.

cheap-predica-
ble-cpsr

Disable +1 predication cost for instructions updating CPSR.

cortex-a710

Cortex-A710 ARM processors.

cortex-a78 Cortex-A78 ARM processors.

cortex-x1 Cortex-X1 ARM processors.

cortex-x1c Cortex-X1C ARM processors.

crc Enable support for CRC instructions.

crypto Enable support for Cryptography extensions.
d32 Extend FP to 32 double registers.

db Has data barrier (dmb/dsb) instructions.

dfb Has full data barrier (dfb) instruction.

dont-widen-vmovs

Don't widen VMOVS to VMOVD.

dotprod

Enable support for dot product instructions.

dsp

Supports DSP instructions in ARM and/or Thumb2.

expand-fp-mlx

Expand VFP/NEON MLA/MLS instructions.

fix-cmse-
cve-2021-35465

Mitigate against the cve-2021-35465 security vulnurability.

fix-cortex-a57-
aes-1742098

Work around Cortex-A57 Erratum 1742098 / Cortex-A72 Erratum
1655431 (AES).

fp-armv8

Enable ARMv8 FP.

fp-armv8di16

Enable ARMv8 FP with only 16 d-registers.

fp-armv8d16sp

Enable ARMv8 FP with only 16 d-registers and no double preci-
sion.

fp-armv8sp Enable ARMv8 FP with no double precision.

fpl6 Enable half-precision floating point.

fp16fml Enable full half-precision floating point fml instructions.
fp64 Floating point unit supports double precision.

fpao Enable fast computation of positive address offsets.
fpregs Enable FP registers.

fpregs16 Enable 16-bit FP registers.

fpregs64 Enable 64-bit FP registers.

fullfp16 Enable full half-precision floating point.

hwdiv Enable divide instructions in Thumb.

hwdiv-arm Enable divide instructions in ARM mode.

i8mm Enable Matrix Multiply Int8 Extension.

lob Enable Low Overhead Branch extensions.

long-calls Generate calls via indirect call instructions.
loop-align Prefer 32-bit alignment for loops.

m3 Cortex-M3 ARM processors.

m7 Cortex-M7 ARM processors.

mclass Is microcontroller profile ('"M' series).

mp Supports Multiprocessing extension.
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Target feature

Description

muxed-units

Has muxed AGU and NEON/FPU.

mve Support M-Class Vector Extension with integer ops.

mve.fp Support M-Class Vector Extension with integer and floating ops.
mvelbeat Model MVE instructions as a 1 beat per tick architecture.

neon Enable NEON instructions.

neon-fpmovs

Convert VMOVSR, VMOVRS, VMOVS to NEON.

no-branch-predictor

Has no branch predictor.

no-movt

Don't use movt/movw pairs for 32-bit imms.

noarm

Does not support ARM mode execution.

nonpipelined-vfp

VFP instructions are not pipelined.

pacbti

Enable Pointer Authentication and Branch Target Identification.

perfmon

Enable support for Performance Monitor extensions.

prefer-vmovsr

Prefer VMOVSR.

r4

Cortex-R4 ARM processors.

rsS Cortex-R5 ARM processors.

r52 Cortex-R52 ARM processors.

r7 Cortex-R7 ARM processors.

ras Enable Reliability, Availability and Serviceability extensions.
rclass Is realtime profile ('R' series).

ret-addr-stack

Has return address stack.

sb

Enable v8.5a Speculation Barrier.

sha2

Enable SHA1 and SHA256 support.

slow-fp-brcc

FP compare + branch is slow.

slowfpvfmx Disable VFP / NEON FMA instructions.
slowfpvmix Disable VFP / NEON MAC instructions.
soft-float Use software floating point features..

splat-vfp-neon

Splat register from VFP to NEON.

strict-align

Disallow all unaligned memory access.

thumb-mode

Thumb mode.

thumb?2

Enable Thumb?2 instructions.

trustzone

Enable support for TrustZone security extensions.

use-mipipeliner

Use the MachinePipeliner.

use-misched

Use the MachineScheduler.

v4t

Support ARM v4T instructions.

v5t Support ARM v5T instructions.

v5te Support ARM v5TE, v5TEj, and v5TExp instructions.
v6 Support ARM v6 instructions.

vbk Support ARM v6k instructions.

vém Support ARM v6M instructions.

v6t2 Support ARM v6t2 instructions.

v7 Support ARM v7 instructions.

v7clrex Has v7 clrex instruction.

v8 Support ARM v8 instructions.
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Target feature

Description

v8.1a

Support ARM v8.1a instructions.

v8.1m.main Support ARM v8-1M Mainline instructions.

v8.2a Support ARM v8.2a instructions.

v8.3a Support ARM v8.3a instructions.

v8.4a Support ARM v8.4a instructions.

v8.5a Support ARM v8.5a instructions.

v8m Support ARM v8M Baseline instructions.

v8m.main Support ARM v8M Mainline instructions.

v9a Support ARM v9a instructions.

vfp2 Enable VFP2 instructions.

vfp2sp Enable VFP2 instructions with no double precision.

vfp3 Enable VFP3 instructions.

vfp3d16 Enable VFP3 instructions with only 16 d-registers.

vfp3d16sp Epjcbils?o\;l.:m instructions with only 16 d-registers and no double
vfp3sp Enable VFP3 instructions with no double precision.

vfp4 Enable VFP4 instructions.

vfp4d16 Enable VFP4 instructions with only 16 d-registers.

vfpad16sp Epeacbils?o\fm instructions with only 16 d-registers and no double
vfp4sp Enable VFP4 instructions with no double precision.

virtualization

Supports Virtualization extension.

vldn-align

Check for VLDn unaligned access.

vmlix-forwarding

Has multiplier accumulator forwarding.

vmlx-hazards

Has VMLx hazards.

RISCV targets

'A' (Atomic Instructions).

'C' (Compressed Instructions).

'D' (Double-Precision Floating-Point).

Implements RV{32,64}E (provides 16 rather than 32 GPRs).

S Do Q0o

'F' (Single-Precision Floating-Point).

fast-unaligned-ac-
cess

Has reasonably performant unaligned loads and stores (both
scalar and vector).

m 'M' (Integer Multiplication and Division).

relax Enable Linker relaxation..

% 'V' (Vector Extension for Application Processors).
zba 'Zba' (Address Generation Instructions).

zbb 'Zbb' (Basic Bit-Manipulation).

zbc 'Zbc' (Carry-Less Multiplication).

zbkb 'Zbkb' (Bitmanip instructions for Cryptography).
zbkx 'Zbkx' (Crossbar permutation instructions).

zbs 'Zbs' (Single-Bit Instructions).

zmmul 'Zmmul' (Integer Multiplication).
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Implicit applied target features for ARM CPUs

CPU

Implicit target features

arm-arm1136j-s

+armv6 +dsp +v4t +v5t +v5te +v6

arm-arm1136jf-s

+armv6 +dsp +fp64 +fpregs +fpregs64 +slowfpvmix +v4t
+v5t +v5te +v6 +vfp2 +vfp2sp

arm-arm1156t2-s

+armv6t2 +dsp +thumb2 +v4t +v5t +v5te +v6 +v6k +v6m
+v6t2 +v8m

arm-arm1156t2f-s

+armv6t2 +dsp +fp64 +fpregs +fpregs64 +slowfpvmix
+thumb2 +v4t +v5t +v5te +v6 +v6k +v6m +v6t2 +v8m
+vfp2 +vfp2sp

arm-arm1176jz-s

+armv6kz +dsp +trustzone +v4t +v5t +v5te +v6 +vbk

arm-arm1176jzf-s

+armv6kz +dsp +fp64 +fpregs +fpregs64 +slowfpvmlix
+trustzone +v4t +v5t +v5te +v6 +v6k +vfp2 +vfp2sp

arm-arm710t

+armv4t +v4t

arm-arm720t

+armv4t +v4t

arm-arm7tdmi

+armv4t +v4t

arm-arm7tdmi-s

+armv4t +v4t

arm-arm8

+armv4

arm-arm810

+armv4

arm-arm9

+armv4t +v4t

arm-arm920

+armv4t +v4t

arm-arm920t

+armv4t +v4t

arm-arm922t

+armv4t +v4t

arm-arm926ej-s

+armv5te +armv5tej +dsp +v4t +v5t +v5te

arm-arm940t

+armv4t +v4t

arm-arm946e-s

+armv5te +dsp +v4t +v5t +v5te

arm-arm966e-s

+armv5te +dsp +v4t +v5t +v5te

arm-arm968e-s

+armv5te +dsp +v4t +v5t +v5te

arm-arm9e

+armv5te +dsp +v4t +v5t +v5te

arm-armotdmi

+armvé4t +v4t

arm-cortex-al2

+al2 +aclass +armv7-a +avoid-partial-cpsr +d32 +db
+dsp +fpl6 +fp64 +fpregs +fpregs64 +hwdiv +hwdiv-arm
+mp +neon +perfmon +ret-addr-stack +thumb-mode
+thumb?2 +trustzone +v4t +v5t +v5te +v6 +v6k +vbm
+v6t2 +v7 +v7clrex +v8m +vfp2 +vfp2sp +vfp3 +vfp3d16
+vfp3d16sp +vfp3sp +vfp4 +vfp4d16 +vfp4d16sp +vfpdsp
+virtualization +vmlx-forwarding

arm-cortex-al5

+al5 +aclass +armv7-a +avoid-partial-cpsr +d32 +db
+dont-widen-vmovs +dsp +fp16 +fp64 +fpregs +fpregs64
+hwdiv +hwdiv-arm +mp +muxed-units +neon +perfmon
+ret-addr-stack +splat-vfp-neon +thumb-mode +thumb?2
+trustzone +v4t +v5t +v5te +v6 +v6k +v6m +v6t2

+v7 +v7clrex +v8m +vfp2 +vfp2sp +vfp3 +vfp3d1i6
+vfp3d16sp +vfp3sp +vfp4 +vfp4d16 +vfp4d16sp +vfpdsp
+virtualization +vldn-align

arm-cortex-al7

SEGGER Compiler User Guide & Reference Manual

+al7 +aclass +armv7-a +avoid-partial-cpsr +d32 +db
+dsp +fpl6 +fp64 +fpregs +fpregs64 +hwdiv +hwdiv-arm
+mp +neon +perfmon +ret-addr-stack +thumb-mode
+thumb?2 +trustzone +v4t +v5t +v5te +v6 +v6k +vb6m
+v6t2 +v7 +v7clrex +v8m +vfp2 +vfp2sp +vfp3 +vfp3d16
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CPU

Implicit target features

+vfp3d1l6sp +vfp3sp +vfp4 +vfp4d16 +vfp4d16sp +vfpdsp
+virtualization +vmlx-forwarding

arm-cortex-a32

+aclass +acquire-release +aes +armv8-a +crc +crypto
+d32 +db +dsp +fp-armv8 +fp-armv8d16 +fp-armv8d16sp
+fp-armv8sp +fpl16 +fp64 +fpregs +fpregs64 +hwdiv
+hwdiv-arm +mp +neon +perfmon +sha2 +thumb-mode
+thumb?2 +trustzone +v4t +v5t +v5te +v6 +v6k +v6m
+v6t2 +v7 +v7clrex +v8 +v8m +vfp2 +vfp2sp +vfp3
+vfp3d16 +vfp3d16sp +vfp3sp +vfp4 +vfp4d16 +vfp4d1i6sp
+vfp4sp +virtualization

arm-cortex-a35

+a35 +aclass +acquire-release +aes +armv8-a +crc
+crypto +d32 +db +dsp +fp-armv8 +fp-armv8d16
+fp-armv8d16sp +fp-armv8sp +fpl6 +fp64 +fpregs
+fpregs64 +hwdiv +hwdiv-arm +mp +neon +perfmon
+sha2 +thumb-mode +thumb2 +trustzone +v4t +v5t
+v5te +v6 +v6k +v6bm +v6t2 +v7 +v7clrex +v8 +v8m
+vfp2 +vfp2sp +vfp3 +vfp3d16 +vfp3d16sp +vfp3sp +vfpd
+vfp4d16 +vfp4d16sp +vfp4sp +virtualization

arm-cortex-a5

+a5 +aclass +armv7-a +d32 +db +dsp +fp16 +fp64
+fpregs +fpregs64 +mp +neon +perfmon +ret-addr-stack
+slow-fp-brcc +slowfpvfmx +slowfpvmlix +thumb-mode
+thumb?2 +trustzone +v4t +v5t +v5te +v6 +v6k +v6m
+v6t2 +v7 +v7clrex +v8m +vfp2 +vfp2sp +vfp3 +vfp3di6
+vfp3d16sp +vfp3sp +vfp4 +vfp4d16 +vfp4d16sp +vfpdsp
+vmlx-forwarding

arm-cortex-a53

+a53 +aclass +acquire-release +aes +armv8-a +crc
+crypto +d32 +db +dsp +fp-armv8 +fp-armv8d16
+fp-armv8d16sp +fp-armv8sp +fpl6 +fp64 +fpao +fpregs
+fpregs64 +hwdiv +hwdiv-arm +mp +neon +perfmon
+sha2 +thumb-mode +thumb2 +trustzone +v4t +v5t
+v5te +v6 +v6k +v6m +v6t2 +v7 +v7clrex +v8 +v8m
+vfp2 +vfp2sp +vfp3 +vfp3d16 +vfp3dl6sp +vfp3sp +vfp4d
+vfp4d16 +vfp4d16sp +vfpdsp +virtualization

arm-cortex-a55

+ab55 +aclass +acquire-release +aes +armv8.2-a

+crc +crypto +d32 +db +dotprod +dsp +fp-armv8
+fp-armv8d16 +fp-armv8d16sp +fp-armv8sp +fpl6 +fp64
+fpregs +fpregs16 +fpregs64 +fullfp16 +hwdiv +hwdiv-arm
+mp +neon +perfmon +ras +sha2 +thumb-mode +thumb2
+trustzone +v4t +v5t +v5te +v6 +v6k +v6m +v6t2 +v7
+v7clrex +v8 +v8.1a +v8.2a +v8m +vfp2 +vfp2sp +vfp3
+vfp3d16 +vfp3d16sp +vfp3sp +vfp4 +vfp4d16 +vfp4d1i6sp
+vfp4sp +virtualization

arm-cortex-a57

+a57 +aclass +acquire-release +aes +armv8-a
+avoid-partial-cpsr +cheap-predicable-cpsr +crc +crypto
+d32 +db +dsp +fix-cortex-a57-aes-1742098 +fp-armv8
+fp-armv8d16 +fp-armv8d16sp +fp-armv8sp +fpl6 +fp64
+fpao +fpregs +fpregs64 +hwdiv +hwdiv-arm +mp +neon
+perfmon +sha2 +thumb-mode +thumb2 +trustzone +v4t
+v5t +v5te +v6 +v6k +vbm +v6t2 +Vv7 +v7clrex +v8
+v8m +vfp2 +vfp2sp +vfp3 +vfp3d16 +vfp3d16sp +vfp3sp
+vfp4 +vfp4d16 +vfp4d1l6sp +vfpdsp +virtualization

arm-cortex-a7

+a7 +aclass +armv7-a +d32 +db +dsp +fp16 +fp64
+fpregs +fpregs64 +hwdiv +hwdiv-arm +mp +neon
+perfmon +ret-addr-stack +slow-fp-brcc +slowfpvfmx
+slowfpvmlix +thumb-mode +thumb2 +trustzone +v4t
+v5t +v5te +v6 +v6k +v6m +v6t2 +Vv7 +v7clrex +v8m
+vfp2 +vfp2sp +vfp3 +vfp3d16 +vfp3d16sp +vfp3sp
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CPU

Implicit target features

+vfp4 +vfp4d16 +vfp4dl6sp +vfpdsp +virtualization
+vmlix-forwarding +vmlix-hazards

arm-cortex-a710

+aclass +acquire-release +armv9-a +bf16 +cortex-a710
+crc +d32 +db +dotprod +dsp +fp-armv8 +fp-armv8d16
+fp-armv8d16sp +fp-armv8sp +fpl6 +fpl6fml +fp64
+fpregs +fpregs16 +fpregs64 +fullfp16 +hwdiv +hwdiv-arm
+i8mm +mp +neon +perfmon +ras +sb +thumb-mode
+thumb?2 +trustzone +v4t +v5t +v5te +v6 +v6k +v6m
+v6t2 +v7 +v7clrex +v8 +v8.1a +v8.2a +v8.3a +v8.4a
+v8.5a +v8m +v9a +vfp2 +vfp2sp +vfp3 +vfp3d16
+vfp3d16sp +vfp3sp +vfp4 +vfp4d16 +vfp4d16sp +vfpdsp
+virtualization

arm-cortex-a72

+a72 +aclass +acquire-release +aes +armv8-a +crc
+crypto +d32 +db +dsp +fix-cortex-a57-aes-1742098
+fp-armv8 +fp-armv8d16 +fp-armv8d16sp +fp-armv8sp
+fpl6 +fp64 +fpregs +fpregs64 +hwdiv +hwdiv-arm +mp
+neon +perfmon +sha2 +thumb-mode +thumb2 +trustzone
+v4t +v5t +v5te +v6 +v6k +vbm +v6t2 +v7 +v7clrex +v8
+v8m +vfp2 +vfp2sp +vfp3 +vfp3d16 +vfp3d16sp +vfp3sp
+vfp4 +vfp4d16 +vfp4d1l6sp +vfpdsp +virtualization

arm-cortex-a73

+a73 +aclass +acquire-release +aes +armv8-a +crc
+crypto +d32 +db +dsp +fp-armv8 +fp-armv8di16
+fp-armv8d16sp +fp-armv8sp +fpl6 +fp64 +fpregs
+fpregs64 +hwdiv +hwdiv-arm +mp +neon +perfmon
+sha2 +thumb-mode +thumb2 +trustzone +v4t +v5t
+v5te +v6 +v6k +v6m +v6t2 +v7 +v7clrex +v8 +v8m
+vfp2 +vfp2sp +vfp3 +vfp3d16 +vfp3d16sp +vfp3sp +vfp4d
+vfp4d16 +vfp4d16sp +vfpdsp +virtualization

arm-cortex-a75

+a75 +aclass +acquire-release +aes +armv8.2-a

+crc +crypto +d32 +db +dotprod +dsp +fp-armv8
+fp-armv8d16 +fp-armv8d16sp +fp-armv8sp +fpl6 +fp64
+fpregs +fpregsl6 +fpregs64 +fullfp16 +hwdiv +hwdiv-arm
+mp +neon +perfmon +ras +sha2 +thumb-mode +thumb?2
+trustzone +v4t +v5t +v5te +v6 +v6k +v6m +v6t2 +v7
+v7clrex +v8 +v8.1a +v8.2a +v8m +vfp2 +vfp2sp +vfp3
+vfp3d16 +vfp3d16sp +vfp3sp +vfp4 +vfpdd16 +vfp4dl6sp
+vfp4sp +virtualization

arm-cortex-a76

+a76 +aclass +acquire-release +aes +armv8.2-a

+crc +crypto +d32 +db +dotprod +dsp +fp-armv8
+fp-armv8d16 +fp-armv8d16sp +fp-armv8sp +fpl6 +fp64
+fpregs +fpregs16 +fpregs64 +fullfp16 +hwdiv +hwdiv-arm
+mp +neon +perfmon +ras +sha2 +thumb-mode +thumb2
+trustzone +v4t +v5t +v5te +v6 +v6k +v6m +v6t2 +v7
+v7clrex +v8 +v8.1a +v8.2a +v8m +vfp2 +vfp2sp +vfp3
+vfp3d16 +vfp3d16sp +vfp3sp +vfp4 +vfp4d16 +vfp4d1i6sp
+vfp4sp +virtualization

arm-cortex-a76ae

+a76 +aclass +acquire-release +aes +armv8.2-a

+crc +crypto +d32 +db +dotprod +dsp +fp-armv8
+fp-armv8d16 +fp-armv8d16sp +fp-armv8sp +fpl6 +fp64
+fpregs +fpregsl16 +fpregs64 +fullfp16 +hwdiv +hwdiv-arm
+mp +neon +perfmon +ras +sha2 +thumb-mode +thumb2
+trustzone +v4t +v5t +v5te +v6 +v6k +vbm +v6t2 +v7
+v7clrex +v8 +v8.1a +v8.2a +v8m +vfp2 +vfp2sp +vfp3
+vfp3d16 +vfp3d16sp +vfp3sp +vfp4 +vfp4d16 +vfpdd1l6sp
+vfp4sp +virtualization

arm-cortex-a77

+a77 +aclass +acquire-release +aes +armv8.2-a
+crc +crypto +d32 +db +dotprod +dsp +fp-armv8
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+fp-armv8d16 +fp-armv8d16sp +fp-armv8sp +fpl6 +fp64
+fpregs +fpregsl6 +fpregs64 +fullfp16 +hwdiv +hwdiv-arm
+mp +neon +perfmon +ras +sha2 +thumb-mode +thumb?2
+trustzone +v4t +v5t +v5te +v6 +v6k +v6m +v6t2 +v7
+v7clrex +v8 +v8.1a +v8.2a +v8m +vfp2 +vfp2sp +vfp3
+vfp3d16 +vfp3d16sp +vfp3sp +vfp4 +vfpdd16 +vfp4dl6sp
+vfp4sp +virtualization

arm-cortex-a78

+aclass +acquire-release +aes +armv8.2-a +cortex-a78
+crc +crypto +d32 +db +dotprod +dsp +fp-armv8
+fp-armv8d16 +fp-armv8d16sp +fp-armv8sp +fpl6 +fp64
+fpregs +fpregs16 +fpregs64 +fullfp16 +hwdiv +hwdiv-arm
+mp +neon +perfmon +ras +sha2 +thumb-mode +thumb2
+trustzone +v4t +v5t +v5te +v6 +v6k +v6m +v6t2 +v7
+v7clrex +v8 +v8.1a +v8.2a +v8m +vfp2 +vfp2sp +vfp3
+vfp3d16 +vfp3d16sp +vfp3sp +vfp4 +vfp4d16 +vfp4d1i6sp
+vfp4sp +virtualization

arm-cortex-a78c

+a78c +aclass +acquire-release +aes +armv8.2-a

+crc +crypto +d32 +db +dotprod +dsp +fp-armv8
+fp-armv8d16 +fp-armv8d16sp +fp-armv8sp +fpl6 +fp64
+fpregs +fpregsl16 +fpregs64 +fullfp16 +hwdiv +hwdiv-arm
+mp +neon +perfmon +ras +sha2 +thumb-mode +thumb2
+trustzone +v4t +v5t +v5te +v6 +v6k +vbm +v6t2 +v7
+v7clrex +v8 +v8.1a +v8.2a +v8m +vfp2 +vfp2sp +vfp3
+vfp3d16 +vfp3d16sp +vfp3sp +vfp4 +vfp4d16 +vfpdd1l6sp
+vfp4sp +virtualization

arm-cortex-a8

+a8 +aclass +armv7-a +d32 +db +dsp +fp64 +fpregs
+fpregs64 +neon +nonpipelined-vfp +perfmon
+ret-addr-stack +slow-fp-brcc +slowfpvfmx +slowfpvmlix
+thumb-mode +thumb2 +trustzone +v4t +v5t +v5te +v6
+v6k +vbm +v6t2 +v7 +v7clrex +v8m +vfp2 +vfp2sp
+vfp3 +vfp3d16 +vfp3di6sp +vfp3sp +vmix-forwarding
+vmlx-hazards

arm-cortex-a9

+a9 +aclass +armv7-a +avoid-partial-cpsr +d32 +db

+dsp +expand-fp-mix +fpl6 +fp64 +fpregs +fpregs64

+mp +muxed-units +neon +neon-fpmovs +perfmon
+prefer-vmovsr +ret-addr-stack +thumb-mode +thumb2
+trustzone +v4t +v5t +v5te +v6 +v6k +v6m +v6t2 +v7
+v7clrex +v8m +vfp2 +vfp2sp +vfp3 +vfp3d16 +vfp3di6sp
+vfp3sp +vldn-align +vmlix-forwarding +vmlix-hazards

arm-cortex-m0O

+armv6-m +db +mclass +no-branch-predictor +noarm
+strict-align +thumb-mode +v4t +v5t +v5te +v6 +v6m

arm-cortex-mOplus

+armv6-m +db +mclass +no-branch-predictor +noarm
+strict-align +thumb-mode +v4t +v5t +v5te +v6 +v6m

arm-cortex-m1l

+armv6-m +db +mclass +no-branch-predictor +noarm
+strict-align +thumb-mode +v4t +v5t +v5te +v6 +v6m

arm-cortex-m23

+8msecext +acquire-release +armv8-m.base +db
+hwdiv +mclass +no-branch-predictor +no-movt +noarm
+strict-align +thumb-mode +v4t +v5t +v5te +v6 +vb6m
+v7clrex +v8m

arm-cortex-m3

+armv7-m +db +hwdiv +loop-align +m3 +mclass
+no-branch-predictor +noarm +thumb-mode +thumb2
+use-misched +v4t +v5t +v5te +v6 +v6k +v6m +v6t2 +v7
+v7clrex +v8m

arm-cortex-m33

+8msecext +acquire-release +armv8-m.main +db +dsp
+fix-cmse-cve-2021-35465 +fp-armv8d16sp +fpl6
+fpregs +hwdiv +loop-align +mclass +no-branch-predictor
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+noarm +slowfpvfmx +slowfpvmlix +thumb-mode +thumb2
+use-misched +v4t +v5t +v5te +v6 +v6k +v6m +v6t2
+v7 +v7clrex +v8m +v8m.main +vfp2sp +vfp3d16sp
+vfp4d16sp

+8msecext +acquire-release +armv8-m.main +db +dsp
+fix-cmse-cve-2021-35465 +fp-armv8d16sp +fpl6
+fpregs +hwdiv +loop-align +mclass +no-branch-predictor
arm-cortex-m35p +noarm +slowfpvfmx +slowfpvmix +thumb-mode +thumb2
+use-misched +v4t +v5t +v5te +v6 +v6k +vbm +v6t2
+v7 +v7clrex +v8m +v8m.main +vfp2sp +vfp3d16sp
+vfp4d16sp

+armv7e-m +db +dsp +fpl16 +fpregs +hwdiv +loop-align
+mclass +no-branch-predictor +noarm +slowfpvfmx
arm-cortex-m4 +slowfpvmlix +thumb-mode +thumb2 +use-misched +v4t
+v5t +v5te +v6 +v6k +v6m +v6t2 +v7 +v7clrex +v8m
+vfp2sp +vfp3d16sp +vfp4d16sp

+8msecext +acquire-release +armv8.1-m.main +db +dsp
+fp-armv8d16 +fp-armv8d16sp +fpl6 +fp64 +fpregs
+fpregs16 +fpregs64 +fullfp16 +hwdiv +lob +loop-align
+mclass +mve +mve.fp +mvelbeat +no-branch-predictor
+noarm +pacbti +ras +slowfpvmlIx +thumb-mode +thumb?2
+use-misched +v4t +v5t +v5te +v6 +v6k +v6m +v6t2 +v7
+v7clrex +v8.1m.main +v8m +v8m.main +vfp2 +vfp2sp
+vfp3d16 +vfp3d16sp +vfp4d16 +vfp4d16sp

+8msecext +acquire-release +armv8.1-m.main +db +dsp
+fix-cmse-cve-2021-35465 +fp-armv8d16 +fp-armv8d16sp
+fpl16 +fp64 +fpregs +fpregsl6 +fpregs64 +fullfpl6
+hwdiv +lob +loop-align +mclass +mve +mve.fp
arm-cortex-m55 +no-branch-predictor +noarm +ras +slowfpvmix
+thumb-mode +thumb2 +use-misched +v4t +v5t +v5te
+v6 +v6k +v6m +v6t2 +v7 +v7clrex +v8.1m.main +v8m
+v8m.main +vfp2 +vfp2sp +vfp3d16 +vfp3d16sp +vfp4dl6
+vfp4d16sp

+armv7e-m +db +dsp +fp-armv8d16 +fp-armv8di16sp
+fpl16 +fp64 +fpregs +fpregs64 +hwdiv +m7 +mclass
+noarm +thumb-mode +thumb2 +use-mipipeliner
+use-misched +v4t +v5t +v5te +v6 +v6k +vbm +v6t2
+v7 +v7clrex +v8m +vfp2 +vfp2sp +vfp3d16 +vfp3d16sp
+vfp4d16 +vfp4d16sp

+8msecext +acquire-release +armv8.1-m.main +db +dsp
+fp-armv8d16 +fp-armv8d16sp +fpl6 +fp64 +fpregs
+fpregs16 +fpregs64 +fullfp16 +hwdiv +lob +mclass +mve
arm-cortex-m85 +mve.fp +noarm +pacbti +ras +thumb-mode +thumb?2
+use-misched +v4t +v5t +v5te +v6 +v6k +v6bm +v6t2 +v7
+v7clrex +v8.1m.main +v8m +v8m.main +vfp2 +vfp2sp
+vfp3d16 +vfp3d16sp +vfp4d1l6 +vfp4d16sp

+armv7-r +avoid-partial-cpsr +db +dsp +hwdiv +perfmon
arm-cortex-r4 +r4 +rclass +ret-addr-stack +thumb-mode +thumb2 +v4t
+v5t +v5te +v6 +v6k +v6m +v6t2 +v7 +v7clrex +v8m

+armv7-r +avoid-partial-cpsr +db +dsp +fp64 +fpregs
+fpregs64 +hwdiv +perfmon +r4 +rclass +ret-addr-stack
arm-cortex-r4f +slow-fp-brcc +slowfpvfmx +slowfpvmix +thumb-mode
+thumb?2 +v4t +v5t +v5te +v6 +v6k +v6m +v6t2 +v7
+v7clrex +v8m +vfp2 +vfp2sp +vfp3d16 +vfp3d16sp

arm-cortex-m52

arm-cortex-m7

+armv7-r +avoid-partial-cpsr +db +dsp +fp64 +fpregs

arm-cortex-r> +fpregs64 +hwdiv +hwdiv-arm +perfmon +r5 +rclass
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CPU

Implicit target features

+ret-addr-stack +slow-fp-brcc +slowfpvfmx +slowfpvmix
+thumb-mode +thumb2 +v4t +v5t +v5te +v6 +v6k +v6m
+v6t2 +v7 +v7clrex +v8m +vfp2 +vfp2sp +vfp3d16
+vfp3d16sp

arm-cortex-r52

+acquire-release +armv8-r +crc +d32 +db +dfb +dsp
+fp-armv8 +fp-armv8d16 +fp-armv8d16sp +fp-armv8sp
+fpl16 +fp64 +fpao +fpregs +fpregs64 +hwdiv +hwdiv-arm
+mp +neon +perfmon +r52 +rclass +thumb-mode
+thumb?2 +use-misched +v4t +v5t +v5te +v6 +v6k +v6m
+v6t2 +v7 +v7clrex +v8 +v8m +vfp2 +vfp2sp +vfp3
+vfp3d16 +vfp3d16sp +vfp3sp +vfp4 +vfp4d16 +vfp4d1i6sp
+vfp4sp +virtualization

arm-cortex-r7

+armv7-r +avoid-partial-cpsr +db +dsp +fpl16 +fp64
+fpregs +fpregs64 +hwdiv +hwdiv-arm +mp +perfmon
+r7 +rclass +ret-addr-stack +slow-fp-brcc +slowfpvfmx
+slowfpvmlix +thumb-mode +thumb2 +v4t +v5t +v5te
+v6 +v6k +v6m +v6t2 +v7 +v7clrex +v8m +vfp2 +vfp2sp
+vfp3d16 +vfp3d16sp

arm-cortex-r8

+armv7-r +avoid-partial-cpsr +db +dsp +fp16 +fp64
+fpregs +fpregs64 +hwdiv +hwdiv-arm +mp +perfmon
+rclass +ret-addr-stack +slow-fp-brcc +slowfpvfmx
+slowfpvmlix +thumb-mode +thumb2 +v4t +v5t +v5te
+v6 +v6k +v6m +v6t2 +Vv7 +Vv7clrex +v8m +vfp2 +vfp2sp
+vfp3d16 +vfp3d16sp

arm-cortex-x1

+aclass +acquire-release +aes +armv8.2-a +cortex-x1

+crc +crypto +d32 +db +dotprod +dsp +fp-armv8
+fp-armv8d16 +fp-armv8d16sp +fp-armv8sp +fpl6 +fp64
+fpregs +fpregsl6 +fpregs64 +fullfp16 +hwdiv +hwdiv-arm
+mp +neon +perfmon +ras +sha2 +thumb-mode +thumb?2
+trustzone +v4t +v5t +v5te +v6 +v6k +v6m +v6t2 +v7
+v7clrex +v8 +v8.1a +v8.2a +v8m +vfp2 +vfp2sp +vfp3
+vfp3d16 +vfp3d16sp +vfp3sp +vfp4 +vfpdd16 +vfp4dl6sp
+vfp4sp +virtualization

arm-cortex-x1c

+aclass +acquire-release +aes +armv8.2-a +cortex-x1c
+crc +crypto +d32 +db +dotprod +dsp +fp-armv8
+fp-armv8d16 +fp-armv8d16sp +fp-armv8sp +fpl6 +fp64
+fpregs +fpregs16 +fpregs64 +fullfp16 +hwdiv +hwdiv-arm
+mp +neon +perfmon +ras +sha2 +thumb-mode +thumb2
+trustzone +v4t +v5t +v5te +v6 +v6k +v6m +v6t2 +v7
+v7clrex +v8 +v8.1a +v8.2a +v8m +vfp2 +vfp2sp +vfp3
+vfp3d16 +vfp3d16sp +vfp3sp +vfp4 +vfp4d16 +vfp4d1i6sp
+vfp4sp +virtualization
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