User’s Guide

MSP430 GCC Toolchain

i3 TeEXAS INSTRUMENTS

ABSTRACT

This manual describes the setup and basic operation of the MSP430™ GCC toolchain and the software
development environment.
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Read This First
How to Use This User's Guide

This manual describes only the setup and basic operation of the MSP430™ GCC toolchain and the software
development environment. It does not fully describe the MSP430 GCC toolchain or MSP430 microcontrollers or
the complete development software and hardware systems. For details on these items, see the appropriate
documents listed in Section Related Documentation.

This manual applies to the use of MSP430 GCC as stand-alone package or within the Code Composer Studio™
(CCS) IDE v10.x and with the TI MSP-FET, MSP-FET430UIF, eZ-FET, and eZ430 development tools series.

These tools contain the most up-to-date materials available at the time of packaging. For the latest materials
(including data sheets, user's guides, software, and application information), visit the TI MSP430 website or
contact your local Tl sales office.

Related Documentation

The primary sources of MSP430 information are the device-specific data sheets and user's guides. The MSP430
website contains the most recent version of these documents.

The GCC documentation can be found at http://www.gnu.org. All related information for the MSP430 GCC
toolchain is available at http://www.ti.com/tool/msp430-gcc-opensource.

Documents that describe the Code Composer Studio tools (CCS IDE, assembler, C compiler, linker, and
librarian) can be found at http://www.ti.com/tool/ccstudio. The Tl Resource Explorer and the Tools forum on Tl
E2E™ provide additional help.

MSP430 GCC documentation

Using the GNU Compiler Collection, Richard M. Stallman (http://gcc.gnu.org/onlinedocs/gcc.pdf). Refer to the
MSP430 Options section.

GDB: The GNU Project Debugger, Free Software Foundation, Inc. (https://sourceware.org/gdb/current/
onlinedocs/)

GCC for MSP430™ Microcontrollers Quick Start Guide

Calling Convention and ABI Changes in MSP GCC

CCS documentation

MSP430™ Assembly Language Tools User's Guide

MSP430™ Optimizing C/C++ Compiler User's Guide

Code Composer Studio™ IDE for MSP430™ MCUs User's Guide
MSP430 development tools documentation

MSP430™ Hardware Tools User's Guide

eZ430-F2013 Development Tool User's Guide

eZ430-RF2480 User's Guide

eZ430-RF2500 Development Tool User's Guide
eZ430-RF2500-SEH Development Tool User's Guide
€Z430-Chronos™ Development Tool User's Guide
MSP-EXP430G2 LaunchPad™ Development Kit User's Guide
Advanced debugging using the enhanced emulation module (EEM) with Code Composer Studio IDE
MSP430 device data sheets
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MSP430 device family user's guides

MSP430x1xx Family User's Guide

MSP430x2xx Family User's Guide

MSP430x3xx Family User's Guide

MSP430F4xx Family User's Guide

MSP430F5xx and MSP430F6xx Family User's Guide

MSP430FR4xx and MSP430FR2xx Family User's Guide

MSP430FR57xx Family User's Guide

MSP430FR58xx, MSP430FR59xx, and MSP430FR6xx Family User's Guide
If You Need Assistance

Support for the MSP430 devices and the hardware development tools is provided by the Tl Product Information
Center (PIC). Contact information for the PIC can be found on the Tl website. The TI E2E™ Community support
forums provide open interaction with peer engineers, Tl engineers, and other experts. Additional device-specific
information can be found on the MSP430 website.

Trademarks

MSP430™, Code Composer Studio™, E2E™, eZ430-Chronos™, and LaunchPad™ are trademarks of Texas
Instruments Incorporated.

Windows® is a registered trademark of Microsoft Corporation.

Linux® is a registered trademark of Linus Torvalds.

macOS® is a registered trademark of Apple Inc.

All other trademarks are the property of their respective owners.

4 MSP430 GCC Toolchain SLAU646F — SEPTEMBER 2015 — REVISED JUNE 2020
Submit Document Feedback

Copyright © 2020 Texas Instruments Incorporated


http://www.ti.com/lit/pdf/SLAU049
http://www.ti.com/lit/pdf/SLAU144
http://www.ti.com/lit/pdf/SLAU012
http://www.ti.com/lit/pdf/SLAU056
http://www.ti.com/lit/pdf/SLAU208
http://www.ti.com/lit/pdf/SLAU445
http://www.ti.com/lit/pdf/SLAU272
http://www.ti.com/lit/pdf/SLAU367
http://www.ti.com/support
http://e2e.ti.com
http://e2e.ti.com
http://www.ti.com/msp430
http://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU646F&partnum=

13 TEXAS

INSTRUMENTS

www.ti.com

1 Introduction

The MSP430 GCC toolchain uses the MSP430 ABI and is compatible with the Tl toolchain. This free GCC

toolchain supports all MSP430 devices and has no code size limit. In addition, this toolchain can be used as a

stand-alone package or used within Code Composer Studio (CCS) IDE v6.0 or later. Get started today in

Windows, Linux, or macOS environments.

Table 1-1 compares the MSP430 Tl and GCC toolchain.
Table 1-1. MSP430 Tl and GCC Toolchain Comparison

The MSP430 GCC supports the following:

Proprietary Tl
Code MSP430 GCC MSPGCC
Generation Toolchain Toolchain

Tools
Code Size and JIS v v
Performance
ABI TI TI Community
Integrated in CCS v v X
Stand-alone X v v
Support TI TI Community
Cost Free v v v

(1) The combination of CCS and GCC is completely free of charge with no code size

limit.

MSP430 CPU 16-bit architecture
MSP430 CPUX 20-bit architecture
MSP430 CPUXv2 20-bit architecture
Code and data placement in the lower (<64K) and upper (>64K) memory areas and across the memory

boundary

The hardware multiplier of the MSP430 microcontrollers

This manual describes the use of the MSP430 GCC toolchain with the MSP430 ultra-low-power microcontrollers.

The MSP430 GCC toolchain can be used within CCS version 6.0 or later, or it can be used as a stand-alone
package. The toolchain supports Windows®, Linux®, and macOS® operating systems. This manual describes
only CCS for Windows operating systems. The versions of CCS for Linux and macOS operating systems are

similar and, therefore, are not described separately.

2 Installing MSP430 GCC Toolchain

MSP430 GCC supports Windows, Linux, and macOS:

Windows 7 32 bit or 64 bit
Windows 8 32 bit or 64 bit
Windows 10 32 bit or 64 bit

Linux 32 bit or 64 bit

macOS 64 bit

You can install the MSP430 GCC using any of the following methods:
MSP430 GCC toolchain is installed by default by CCS v7.2 and higher.

In CCS releases prior to v7.2, the MSP430 GCC (toolchain only) is available in the CCS Apps Center. The
corresponding MSP430 GCC support files (header and linkers) are downloaded with a standard MSP430

emulation package. For details, see Section 2.1.
MSP430 GCC can be also downloaded as stand-alone package. For details, see Section 2.2.
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2.1 Installing MSP430 GCC in CCS Releases Before v7.2
The MSP430 GCC toolchain can be installed in CCS v6.0 or higher in two ways: either when CCS is installed or
as an add-on to an existing CCS installation.

1. During the install process of CCS, select the MSP430 GCC toolchain to be installed as an "add-on" (see

Figure 2-1). MSP430 GCC is installed the first time you run CCS (see Figure 2-2).
[ is%l Code Composer Studio vb Setup

= App Center

Texas Instruments

=)

There are additional products and features ("add-ons") available from the CCS App Center. Selected
add-ons will be installed by the App Center when you run Code Composer Studio for the first time.

Description
= I¥] Tools (for App Center background download)

GMU Compiler for MSP430 devices.

= [ software (for App Center baduround download)
O mspware

D GUI Composer

[ Select Al Install Size: 899.04 MEB.

Texas Instruments

next> |[ Fnish ] |

Cancel

Figure 2-1. MSP430 GCC With CCS Installer

e

v» CCS App Center - Pending Installation lﬂ_hj

% You have selected to install additional *Add-ons' to CCS.

Click "Yes' if you would like to download and install thermn now.
Click 'Me' to install them later frem the CCS App Center (Help-=CC5 App Center).

Figure 2-2. MSP430 GCC With CCS Installer

MSP430 GCC Toolchain
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2. If CCS is already installed without MSP430 GCC, MSP430 GCC can be added at a later time through the
CCS Apps Center (see Figure 2-3).
a. Go to the menu View — CCS App Center.
b. Select MSP430 GCC
c. Click the Install Software button to start the installation.

¥ CCS Edit - CCS App Center - Code Composer Studio e
File Edit View MNavigate Project Run  Scripts Window Help
S @iy G . > Quick Access %\|
E. %) Getting Started & CCS App Center 2 = &
By -
App Center
121 Texas Instruments
' ._, Install Soﬁware Relevance
Code Composer Studio Add-ons -
| \ JEp— 7
& : :
® E

& =l e :

MSP430 GCC MSPWare GUI Composer TI-RTOS for MSP43x MSPA30 Compiler
Standalone Software See more »

"y | A :

 Full License

Figure 2-3. Installing MSP430 GCC Through CCS Apps Center
3. The GCC toolchain is installed to the following directory in the CCS installation: ccsv#\tools\compiler
\gcc_msp430_x.x.x (where xxx denotes the version number).
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2.2 Installing MSP430 GCC as Stand-Alone Package

The MSP430 GCC full stand-alone package can be downloaded from the Tl website for all supported operating
systems. The MSP430 GCC stand-alone package contains the toolchain, device support files, debug stack, and

USB drivers.

To install the package:

1. Download the corresponding package installer and run it (see Figure 2-4).

b

[F=E)

Setup - GCC - Open Source Compiler for MSP430
Microcontrollers

 Setup

Welcome to the GCC - Open Source Compiler for M5P430
Microcentrollers Setup Wizard,

< Back

| Mext > |’ Cancel ]

Figure 2-4. MSP430 GCC Stand-Alone Package Installer

2. Select the install directory and click Next (see Figure 2-5).

Figure 2-5. MSP430 GCC Stand-Alone Package Installation Directory

-

%

™ Setup = -G
Installation Directory »

Please specify the directory where GCC - Open Source Compiler for M5P430
Microcontrollers will be installed.

Installation Directory  Chtivmspd30_gec e

| <Back || Net> || cancel |

Note

For the Linux installer, apply sudo chmod +x <installer> before executing the package.

8 MSP430 GCC Toolchain
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3 Using MSP430 GCC Within CCS
3.1 Create New Project

This section describes the step-by-step instructions to create an assembly or C project from scratch and to

download and run an application on the MSP430 MCU using the MSP430 GCC toolchain. Also, the CCS Help

presents a more detailed information of the process.

1. Start CCS (Start — All Programs — Texas Instruments — Code Composer Studio — Code Composer

Studio).

2. Create a new project (File — New — CCS Project). Select the appropriate MSP430 device variant in the
Target field and enter the name for the project.

3. Select GNU v7.3.0.9 (Mitto Systems Limited) for Compiler version (or any newer version).

4. In the Project template and examples section, select Empty Project (with main.c). For assembly-only
projects, select Empty Project.

% New CCS Project [ S
CCS Project ra ?f j

Create a new CCS Project.

Target: msp430fr3969 ¥ |MSP430FR5969 A ‘

Connection: | TI MSP430 USB1 [Default] ||  Identify.. |

5 MSP430

Project name: Blink

Use default location

C\Users\a0406842\workspace_v8\Blink Browse...

Compiler version: |GNU v7.3.0.9 (Mitto Systems Limited) V‘ l More... ‘

» Tool-chain
= Project templates and examples

type filter text Creates an empty project initialized for the
selected device. The project will contain

4 ||=] Empty Projects S .
an empty ‘main.c’ source-file.

& Empty Project
= Empty Project (with main.c)

Open Resource Explorer to browse a wide selection of example projects...

L 'f?)' < Back Next = [ Finish l l Cancel ‘ 4

Figure 3-1. Creating New CCS Project Using MSP430 GCC

5. If you are using a USB Flash Emulation Tool such as the MSP-FET, MSP-FET430UIF, eZ-FET, or the 2430

Development Tool, they should be already configured by default.
6. For C projects, the setup is complete now.
7. Click Finish to create a new project that is then visible in the Project Explorer view.

Notice that the project contains a .Id file (appropriate for the target selected). This is the linker script that
contains the memory layout and section allocation. This file is the equivalent of the Tl linker command file
(.cmd) used by TI MSP430 Compiler and Linker.
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8. Enter the program code into the main.c file.

To use an existing source file for the project, click Project — Add Files... and browse to the file of interest.
Single click on the file and click Open or double-click on the file name to complete the addition of it into the
project folder.

Now add the necessary source files to the project and build. Similar to Tl tools, additional compiler and linker
options can be set from Project Properties.

9. Build the project (Project — Build Project).

+'= workspace_v8 - Blink/main.c - Code Composer Studio a - = |6 S|
File Edit View Navigate Project Run Scripts Window Help

=~ Difvi@ R vDiA By D Quick Access | [ | (&)

% Getting Started  [2 main.c 2 =8
- 1#include <msp430.h>

45 Blink [Active - Debug] 2

» ¥ Binaries 3
» ) Includes
» & Debug o xf
» & targetConfigs 7int main(void) {
» [@ main.c 8 WDTCTL = WDTPW | WDTHOLD;
» [ msp430fr5969.1d 9 PMSCTLO &= ~LOCKLPMS;

5 [ Project Explorer 52 =8
= ~

11 PIDIR |= @xol;

3 for(5;) {
14 volatile unsigned int i;

16 P10UT ~= @x01;

18 i = 16000;
19 do i--;
20 while(i I= 0);

B Console ¢ B EBE& ey =0
CI?T Buljg CO,"}?',E,[,B,"W(],, R

Building file: "../main.c"

Invoking: GNU Compiler

"C:/ti/ccs8.0.0.16/ccsv8/tools/conpiler/mspd3e-gec-7.3.0.9_win32/bin/mspa3e-elf-gec.exe” - -mmcu=mspd3@fr5969 -I"C:/ti/ccs8.0.0.16/ccsv8/ccs_base/mspa30/include_gec™
-I"C:/Users/a0406842/workspace_v8/Blink” -I"C:/ti/ccs8.0.0.16/ccsv8/tools/compiler/mspa30-gec-7.3.0.9_win32/mspd30-elf/include” -Os -g -gdwarf-3 -gstrict-dwarf -Wall -mlarge
-mhumult=fSseries -mcode-region=none -mdata-region=none -MMD -MP -MF"main.d” -MT"main.o” -o’main.o™ "../main.c"

Finished building: "../main.c"

Building target: “Blink.out"
Invoking: GNU Linker

“C:/ti/ccs8.8.0.16/ccsv8/tools/conpiler/mspa30-gcc-7.3.0.9_win32/bin/mspa30-elf-gcc.exe” -Os -g -gdwarf-3 -gstrict-dwarf -Wall -mhumult=FSseries -mcode-region=none
-mdata-region=none -mlarge -W1,-Map,"Blink.map" -Wl,--gc-sections -L"C:/ti/ccs8.0.0.16/ccsv8/ccs_base/mspa30/include_goc” -o"Blink.out” “./main.o” -T../mspa30fr5969.1d"
-1, --start-group -lgcc -lc -Wl,--end-group

Finished building target: "Blink.out"

I

***% Build Finished ****

& Blink

Figure 3-2. CCS Project Using MSP430 GCC

10.Debug the application (Run — Debug (F11)). This starts the debugger, which gains control of the target,
erases the target memory, programs the target memory with the application, and resets the target.

11.Click Run — Resume (F8) to start the application.
12.Click Run — Terminate to stop the application and to exit the debugger. CCS automatically returns to the
C/C++ view (code editor).

3.2 Debug Using MSP-FET, MSPFET430UIF, eZ-FET, eZ430

MSP430 devices can be debugged in CCS using MSP-FET, MSPFET430UIF, eZ-FET, and eZ430 debuggers.
For more details, refer to the Code Composer Studio™ IDE for MSP430™ MCUs User's Guide .

3.3 Build Options for MSP430 GCC

The settings required to configure the GCC are numerous and detailed and are not all described here. Most
projects can be compiled and debugged with default factory settings.

To access the project settings for the active project, click Project — Properties.
The following project settings are common:

« Specify the target device for debug session (Project — Properties — General — Device — Variant). The
corresponding Linker Command File and Runtime Support Library are selected automatically.
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» To debug a C project more easily, disable optimization (-O0) or use -Og, which enables only those
optimizations that do not interfere with debugging. The -Og option reduces code size and improves
performance compared to -OO0.

» Specify the search paths for the C preprocessor (Project — Properties — Build — GNU Compiler —
Directories — Include Paths (-l)).

+ Specify the search paths for any libraries being used (Project — Properties — Build — GNU Linker —
Libraries — Library search path (-L, --library-path)).

» Specify the debugger interface (Project — Properties — General — Device — Connection). Select Tl
MSP430 USBx for the USB interface.

» Enable the erasure of the Main and Information memories before object code download (Project —
Properties — Debug — MSP430 Properties — Download Options — Erase Main and Information

Memory).

» To ensure proper stand-alone operation, select Hardware Breakpoints (Project — Properties — Debug —
MSP430 Properties). If Software Breakpoints are enabled (Project — Properties — Debug — Misc/Other
Options — Allow software breakpoints to be used), ensure proper termination of each debug session
while the target is connected. Otherwise, the target may not work as expected stand-alone as the application
on the device still contains the software breakpoint instructions.

3.3.1 GNU Compiler

Figure 3-3 shows the MSP430 GCC settings window.

r

++ Properties for Blink

S [ |

type filter text

+ Resource
General
4 Build
4 GNU Compiler
Runtime
Symbaols
Directories
Optimization
Preprocessar
Assembler
Debugging
Diagnostic Options
Miscellaneous
» GMNU Linker
GNU Objcopy Utility [Dise
Debug

'/?3' Show advanced settings

GNU Compiler oo

Configuration: |Debug [ Active ] A | | Manage Configurations...

Command: "SICG_TOOL GCCY" ¢

Command-line pattern:  ${command} ${flags} ${output_flag}${output} ${inputs}

Summary of flags set:

-mmcu=msp430fr3969 -1"C:/ti/ccs8.0.0.16/ccsv8/ccs_base/msp430/include_gec” - *
["C:/Users/a0406842 /workspace_v8/Blink" -1"C:/ti/ccs8.0.0.16/ccsv8/tools/compiler/msp430-gcc-
7.3.0.9_win32/msp430-elf/include” -Os -g -gdwarf-3 -gstrict-dwarf -Wall -mlarge -mhwmult=f3series -
mcode-region=none -mdata-region=none

Edit Flags...

See 'General’ for changing tool versions and device settings

Apply and Closel | Cancel |

Figure 3-3. MSP430 GCC Settings

Table 3-1 describes the options that are available for MSP430 GCC Settings.

Table 3-1. MSP430 GCC Settings

Option

Description

Command

Compiler location

Command-line pattern

Command line parameters

Summary of flags set

Command line with which the compiler is called. Displays all the flags passed to the compiler.
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3.3.2 GNU Compiler: Runtime
Figure 3-4 shows the MSP430 GCC Runtime settings window.

r

++ Properties for Blink

type filter text

+ Resource
General
4 Build
4 GNU Compiler
Runtime
Symbaols
Directories
Optimization
Preprocessar
Assembler
Debugging
Diagnostic Options
Miscellaneous
» GMNU Linker
GNU Objcopy Utility [Dise
Debug

'/?3' Show advanced settings

Target CPU (-mcpu)

Target MCU (-mmcu) msp430fr3969
Generate run time type descriptor information | hd |
Enable exception handling | v|

Runtime

Configuration: |Debug [ Active ]

Apply and Closel | Cancel

Figure 3-4. MSP430 GCC Settings: Runtime

Table 3-2 describes the options that are available for MSP430 GCC Runtime settings.

Table 3-2. MSP430 GCC Settings: Runtime

Option

Description

Target CPU (-mcpu)

Specifies the Instruction Set Architecture (ISA) to use. Accepted values are msp430, msp430x, and
msp430xv2. This option is deprecated. The '-mmcu=" option should be used to select the ISA.

Target MCU (-mmcu)

Select the MCU to target. This is used to create a C preprocessor symbol based on the MCU name,
converted to upper case and prefixed and postfixed with__. This in turn is used by the msp430.h header
file to select an MCU-specific supplementary header file.

The option also sets the ISA to use. If the MCU name is one that is known to only support the 430 ISA
then that is selected, otherwise the 430X ISA is selected. A generic MCU name of msp430 can also be
used to select the 430 ISA. Similarly, the generic msp430x MCU name selects the 430X ISA.

In addition, an MCU-specific linker script is added to the linker command line. The script's name is the
name of the MCU with ".Id" appended. Thus, specifying '-mmcu=xxx' on the gcc command line defines
the C preprocessor symbol _ XXX__ and causes the linker to search for a script called 'xxx.Id'. This
option is also passed to the assembler.

information

Generate run time type descriptor

Enable or disable generation of information about every class with virtual functions for use by the C++
runtime type identification features.

+ On (-frtti)
o Off (-fno-rtti)

Enable exception handling

Enable or disable exception handling. Generates extra code needed to propagate exceptions.
*  On (-fexceptions)
»  Off (-fno-exceptions)
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3.3.3 GNU Compiler: Symbols
Figure 3-5 shows the MSP430 GCC Symbols settings window.

-

«+ Properties for Blink l_‘El-z_hJ

type filter text Symbols @
: Resource
General

4 Build Configuration: |Debug [ Active ] Vl [Manage Configurations...

4 GNU Compiler
Runtime
Symbuols
Directories Define symbuols (-D) LS|
Optimization
Preprocessor
Assembler
Debugging
Diagnostic Optiens
Miscellaneous

> GMNU Linker
GMU Objcopy Utility [Disabled]
Debug

Undefine symbols (-U) LE|

':?:' Show advanced settings [ oK l [ Cancel

Figure 3-5. MSP430 GCC Settings: Symbols

Table 3-3 describes the options that are available for MSP430 GCC Symbols settings.
Table 3-3. MSP430 GCC Settings: Symbols

Option Description

-D name
Predefine name as a macro.

Define symbols (-D) -D name=definition

Predefine name as a macro, with definition 1.

-U name

Undefine symbols (-U) Cancel any previous definition of name, either built-in or provided with a -D option.
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3.3.4 GNU Compiler: Directories
Figure 3-6 shows the MSP430 GCC Directories settings window.

«+ Properties for Blink lr =] ﬂ

type filter text Directories =1 2 v v
» Resource
General
4 Build Configuration: |Debug [Active ] 'l lManage Configurations...
4 GNU Compiler
Runtime
i Symbols Include paths (-I) & w8 5l H
Directories ${CCS_BASE_ROOT}/msp430/include_gcc &
' Optimization ${PROJECT_ROQT} =
Preprocessor ${CG_TOOL_INCLUDE_PATH} [
Assembler
Debugging

Diagnostic Options
Miscellaneous
» GNU Linker
GNU Objcopy Utility [Dise
Debug

< | 11 | P

I @ Show advanced settings Apply and Close] l Cancel

s - =

Figure 3-6. MSP430 GCC Settings: Directories

Table 3-4 describes the options that are available for MSP430 GCC Directories settings.
Table 3-4. MSP430 GCC Settings: Directories

Option Description
Include paths (-I) Add the directory to the list of directories to be searched for header files.
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3.3.5 GNU Compiler: Optimization
Figure 3-7 shows the MSP430 GCC Optimization settings window.

«+ Properties for Blink l_lﬂl-g_hj

type filter text Optimization =l T
» Resource
General
4 Build Configuration: [DEbUg [ Active ] '] ’Manage Configurations...]
4 GNU Compiler
Runtime
Symbels
Directories Optimization Level [ VI
Optimization [7] Optimize for speed disregarding exact standards compliance (-Ofast)
Preprocessor Optimize for space rather than speed (-0Os)
Assembler [T Make 'char' unsigned by default {-funsigned-char)
Debugging

. . . [7] Place each function into its own section (-ffunction-sections)
Diagnostic Optiens

Miscellaneaus ["]Place data items inte their own section (-fdata-sections)

. GMU Linker [7] Convert floating point constants to single precision constants (-fsingle-precision-constant)
GMU Objcopy Utility [Disabled]
Debug
'?3' Show advanced settings oK ] ’ Cancel

Figure 3-7. MSP430 GCC Settings: Optimization

Table 3-5 describes the options that are available for MSP430 GCC Optimization settings.
Table 3-5. MSP430 GCC Settings: Optimization

Option Description

Specifies the optimizations that the compiler applies to the generated object code. The options available

are:

» None (O0): Disable optimizations. This setting is equivalent to specifying the -O0 command-line
option. The compiler generates unoptimized linear assembly language code.

*  Optimize (O1): The compiler performs all targets independent (that is, nonparallelized) optimizations,
such as function inlining. This setting is equivalent to specifying the -O1 command-line option. The
compiler omits all target-specific optimizations and generates linear assembly language code.

*  Optimize more (O2): The compiler performs all optimizations (both target-independent and target-
specific). This setting is equivalent to specifying the -O2 command-line option. The compiler outputs

Optimization Level optimized nonlinear parallelized assembly language code.

*  Optimize most (O3): The compiler performs all the level 2 optimizations, then the low-level optimizer
performs global-algorithm register allocation. This setting is equivalent to specifying the -O3
command-line option. At this optimization level, the compiler generates code that is usually faster
than the code generated from level 2 optimizations.

*  Optimize for space rather than speed (-Os): Enables all -O2 optimizations that do not typically
increase code size. The -Os option also performs further optimizations designed to reduce code size.

*  Optimize for speed disregarding exact standards compliance (-Ofast): Enables all -O3 optimizations.
The -Ofast option also enables optimizations that are not valid for all standard-compliant programs,
such as -ffast-math.

Make 'char' unsigned by default

(funsigned-char) Enable this option to ensure that the char is signed.

Place each function into its own

. . ) Enable this option to place each function in its own section in the output file.
section (-ffunction-sections)

Place data items into their own

section (-fdata-sections) Enable this option to place each data item in its own section in the output file.
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