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Application note

N32H7xx Series RT-Thread Nano Porting Application Notes

Introduction

The purpose of this document is to enable users to quickly become familiar with porting RT-Thread Nano to the
N32H7xx series microcontrollers (MCUs).
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1 RT-Thread Nano Porting Principles

1.1 Startup Process

The RT-Thread startup process is shown below, with the colored parts in the diagram requiring special attention from
the user (yellow indicates content related to libcpu porting, and green indicates content related to board-level porting).

Figure 1-1 RT-Thread Startup Process

rt_system_scheduler_initg ) _ _ _ __ _____ __] rt_components_init()

P rt_thread_init(main_thread_entry)

Initialize the clock and configure the interrupt vector table
Complete the initialization of globallstatic variables
Initialize stack and heap

Library Function Initialization

Program jump: Jump to RT-Thread startup

RSN

( startup_xx.S )—P( rtthread_startup() )—

rt_hw_stack_init) ) =00 T—m———————

rt_system_timer_thread_init()
rt_thread_idle_init()
rt_system_scheduler_init()

rt_hw_context_switch_to

The unified entry point for the RT-Thread startup code is rtthread _startup(). After the chip startup file completes the
necessary tasks (such as initializing the clock, configuring the interrupt vector table, initializing the stack, etc.), the
program will ultimately jump to the RT-Thread startup entry during execution. The startup process of RT-Thread is
as follows:

1. Disable global interrupts and initialize system-related hardware.
2. Print system version information and initialize system kernel objects (such as timers and schedulers).

3. Initialize the user main thread (which also initializes the thread stack), and sequentially initialize various
modules within the main thread.

4. Initialize the software timer thread and the idle thread.

5. Start the scheduler, have the system switch to the first thread to start running (such as the main thread), and
enable global interrupts.

Figure 1-2 RT-Thread Nano Source Code Directory

=5 EMHE e ic F
include 2025/6/25 15:22 Tt
libcpu 2025/6/25 15:22 =
src 2025/6/25 15:22 ik
[ board.c 2024/9/20 16:19 C 2 KB
|7 rtconfigh 2024/9/20 16:19 H i 4 KB
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1.2 libcpu Porting

The libcpu abstraction layer of RT-Thread provides a unified CPU architecture porting interface downward. This part
of the interface includes global interrupt switch functions, thread context switch functions, clock tick configuration
and interrupt functions, cache, and so on. The CPU architectures supported by RT-Thread can be found in the libcpu

folder in the source code.

1.2.1 Startup File startup.s

Each chip has a corresponding startup file, and the startup files vary in different development environments. The
startup files are located in the chip firmware library. After the system integrates RT-Thread, the startup of RT-Thread
will be executed before calling the main() function, as shown in the figure below:

Figure 1-3 RT-Thread startup call

( startup_xx.S >—>< RT-Thread Startup >—>< main() >

® startup.s: mainly completes the initialization of the clock, configures the interrupt vector table; completes the
initialization of global/static variables; initializes the stack; initializes library functions; and handles program

jumps.

® Program jump: In KEIL MDK and IAR, the chip's startup file does not need to be modified and will
automatically jump to the RT-Thread system startup function rtthread_startup().

1.2.2 Context Switching context xx.S

Context switching refers to the CPU switching from one thread to another, or between a thread and an interrupt, and
so on. During a context switch, the CPU generally stops executing the current code and saves the specific location of

the current program so that it can resume execution later.

Table 1-1 context_xx.S implementation function

Function to be implemented Description
rt_base trt hw_interrupt_disable(void) Disable global interrupts
void rt_hw_interrupt_enable(rt_base t level) Enable global interrupts

Context switches without a source thread are called when
void rt_hw_context_switch_to(rt_uint32 to) the scheduler starts the first thread, and they are also called

inside signal handlers

) ) ) ) Switching from thread to another thread, used for switching
void rt_hw_context switch(rt_uint32 from, rt_uint32 to)
between threads

void rt hw_context switch_interrupt(rt_uint32 from, rt uint32 | Switching from thread to another thread, used for switching

to) inside interrupt

Note: in Cortex-M, the PendSV interrupt handler is PendSV_Handler(), and the actual work of thread switching is
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done within PendSV_Handler().

1.2.3 Thread Stack Initialization cpuport.c
In RT-Thread, threads have independent stacks. During a thread switch, the current thread's context is stored in the
stack, and when the thread is to resume execution, the context information is read from the stack to restore it.

The fault exception handling function rt hw_hard fault exception() is executed in the HardFault Handler interrupt

when a hardware error occurs.

This file mainly implements the thread stack initialization function rt hw_stack init() and the hard fault exception

handling function.
Table 1-2 cpuport.c implementation function
Function to be implemented Description
rt_hw_stack init() Initialize thread stack
rt hw_hard fault exception() Exception function: System hardware error

1.2.4 Interrupts and Exceptions Hooking interrupt.c

On the Cortex-M core, all interrupts are handled using an interrupt vector table. When an interrupt is triggered, the
processor directly determines which interrupt source it is and then jumps to the corresponding fixed location for
handling, without the need to implement interrupt management manually.

1.3 Board-Level Porting board.c

Note: board.c and rtconfig.h are hardware/board-specific files and need to be implemented individually during
porting. For the Cortex M architecture, you can refer to the existing board.c and rtconfig.h files in the bsp folder of

the Nano source code.

Board-level porting mainly focuses on the implementation of the rt hw_board_init() function. This function is in the
board-level configuration file board.c and performs many essential tasks for system startup, including:

1. Configure the system clock.

2. Implement the OS tick.

w

Initialize peripherals: such as GPIO/UART, etc. Call them here if needed.
4. Initialize the system memory heap to enable dynamic heap memory management.

5. Board-level automatic initialization. Functions set to auto-initialize using INIT_ BOARD_EXPORT() will be

initialized here.

6. Other necessary initializations, such as MMU configuration (if needed, please call the application functions
yourself in the rt_hw_board _init function).
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Figure 1-4 board.c execution flow

* board.c */

Void rt_hw_board_init(void)

{
[* Part 1: System Initialization, System Clock Configuration, etc. */
* 1: System layer initialization, add this part if needed */

[* 2: System Clock Configuration */
SystemClock_Config(); // Config System Clock
SystemCoreClcokUpdate(); / Update system clock frequency SystemCoreClock

/* Part 2: Configure the OS Tick frequency to implement the OS tick (and implement OS Tick increment in the
interrupt service routine) */
_SysTick_Config(SystemCoreClock / RT_TICK_PER_SECOND);

/* Part 3: Initialize hardware peripherals; if needed, call them here */
/* ...... */

* Part 4: System Dynamic Memory Heap Initialization */
#if defined(RT_USING_MAIN) && defined(RT_USING_HEAP)
rt_system_heap_init(rt_heap_begin_get(), rt_heap_end_get());
#endif

[* Part 5: Initialization using INIT_BOARD_EXPORT() */
#ifdef RT_USING_COMPONEBTS_INIT
rt_components_board_init();
#endif

[* Part 6: Other Initialization */

}

1.3.1 Configuring the System Clock

The system clock provides the basic working clock for various hardware modules. It is configured in the
rt hw_board init() function, either by calling library functions or by implementing it yourself.

Figure 1-5 Example of configuring the system clock in board.c

/* board.c */
void rt_hw_board_init(void)
{
/* Part 1: System Initialization, System Clock Configuration, etc. */
/* Clock initialization, the function name is not required, the function should be implemented by yourself,
such as SystemClock_Config() or SystemCoreClockUpdate() */
rt_hw_clock_init();

1.3.2 Implementing the OS Tick

The OS tick is also called clock-tick or OS tick. Any operating system needs to provide a clock tick to handle all
time-related events in the system.

Implementation of clock ticks: periodic interrupts are realized through a hardware timer, and the rt_tick increase()
function is called in the timer interrupt to increment the global variable rt_tick, thereby implementing clock ticks.
Generally, on Cortex-M, the internal Systick timer is used directly for this purpose.
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Figure 1-6 OS Tick Example

/* board.c */
void rt_hw_board_init(void)
{
/* Part 2: Configure the OS Tick frequency to implement the OS tick (and implement OS Tick increment in the
interrupt service routine) */
_SysTick_Config(SystemCoreClock / RT_TICK_PER_SECOND); // Using Systick to implement clock ticks
}

[* Systick interrupt handler */
void Systick_Hnadler(void)

* Enter interrupt */
rt_interrupt_enter();

rt_tick_increase();
[* Leave interrupt */

rt_interrupt_leave();

}

Note: When initializing the clock tick, the macro RT _TICK PER _SECOND will be used. By modifying the value of

this macro, you can change the duration of one clock tick in the system.

1.3.3 Hardware Peripheral Initialization

Hardware initialization, such as UART initialization (for connecting to the console), needs to manually call the UART

initialization function within the rt_hw_board_init() function.

Figure 1-7 OS Tick Example

/* board.c */

Void rt_hw_board_init(void)

{
[* Part 3: Initialize hardware peripherals; if needed, call them here */
uart_init();

}

Note: If uart_init() or other peripheral initialization functions have already been initialized using the macro
INIT BOARD EXPORTY(), there is no need to explicitly call them here. You should choose one of the two initialization
methods.

1.3.4 Implementing a Dynamic Memory Heap

RT-Thread Nano does not enable the dynamic memory heap feature by default. Enabling RT _USING_HEAP allows
the use of dynamic memory features, meaning you can use rt _malloc, rt_free, and various system APIs for
dynamically creating objects. The initialization of the dynamic memory heap management function is done through
the function void rt_system_heap_init(void *begin_addr, void *end addr), and initializing the dynamic memory heap
requires specifying the start and end addresses of the heap memory.

After enabling RT USING_ HEAP, the system uses an array as the heap by default. The starting and ending addresses
of the heap are passed as parameters to the heap initialization function. The heap initialization function
rt_system_heap_init() will be called in rt_hw_board_init(). After enabling the heap, the system defaults to using an
array as the heap (the default heap is relatively small; please increase it according to the chip's RAM when actually
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using it). The obtained starting and ending addresses of the heap are passed as parameters to the heap initialization

function:

Figure 1-8 Dynamic Memory Heap (Array) Initialization Example

#define RT_HEAP_SIZE 1025

Static uint32_t rt_heap[RT_HEAP_SIZE];
RT_WEAK void *rt_heap_begin_get(void)
{

}

RT_WEAK void *rt_heap_end_get(void)
{

}

/* board.c */
void rt_hw_board_init(void)

return rt_heap;

return rt_heap + RT_HEAP_SIZE;

* Part 4: System Dynamic Memory Heap Initialization */
#if defined(RT_USING_MAIN) && defined(RT_USING_HEAP)

rt_system_heap_init(rt_heap_begin_get(), rt_heap_end_get()); // The starting and ending addresses of the heap
#endif

}

If you don't want to use an array as a dynamic memory heap, you can reassign the size of the system HEAP. For
example, you can use the end of the RAM ZI segment as the starting address of the HEAP (here you need to check
if it corresponds with the linker script), and use the end address of the RAM as the end address of the HEAP. This
way, all the available RAM can be used as the dynamic memory heap. The following example redefines the starting
and ending addresses of the HEAP and uses them as parameters to initialize the system HEAP.

Figure 1-9 Dynamic Memory Heap (Non-Array) Initialization Example

#define N32_SRAM1_START (0x20000000)
/* End address = 0x20000000(base address) + 20K(RAM Size) */
#define N32_SRAM1_END (N32_SRAM1_START + 20 * 1024)

#if defined(__CC_ARM) || defined(__ CLANG_ARM)

/I RW_IRAM1 must correspond to the runtime domain name in the linker script
extern int Image$$RW_IRAM1$$ZI$$Limit;

#define HEAP_BEGIN  ((void *)&Image$$RW_IRAM1$$ZI$S$Limit)

#endif

#define HEAP_END  (N32_SRAM1_END)

* board.c */
void rt_hw_board_init(void)

* Part 4: System Dynamic Memory Heap Initialization */
#if defined(RT_USING_MAIN) && defined(RT_USING_HEAP)

rt_system_heap_init((void *)HEAP_BEGIN, (void *)HEAP_END); // The starting and ending addresses of the heap
#endif

}
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2 Porting RT-Thread Nano Based on Keil MDK

RT-Thread Nano is already integrated into Keil MDK and can be downloaded and added directly within the IDE. The
main steps to port Nano are:

1.

A won

Prepare a basic Keil MDK project, obtain the RT-Thread Nano package, and install it.

Add the RT-Thread Nano source code to the basic project.

Adapt Nano, mainly from the aspects of interrupts, clocks, and memory, to achieve the porting.
Verify the porting result: write the first application code, using RT-Thread Nano to blink an LED.

Finally, you can configure Nano: Nano is customizable, and the system can be tailored through the configuration
file rtconfig.h.

2.1 Basic Project Preparation

Before porting RT-Thread Nano, it is necessary to prepare a bare-metal project that can run properly.

Figure 2-1 Bare-metal project example

o/ **
*\ *\name delay.
*#\ %\ fun delay program.
*\*\param none
*\*\return none
L 'xll,-"
static vold delay(void)
=K
int i = 0x1000000;
while (1--);
}
o/ **
*\ *\name main.
*N N\ fun Main program.
*\*\param none
*\*\return none
-y
int main(wvoid)
=H
/* Initialize system clock */
RCC_SetSysClkToModeO () ;
/* RCC configuration ——————————————————m */
RCC_configuration();
/* GPIO configuration -—————————--"—-—--""""""""""""""""""“"————————————————————__% /
GPIO Configuration():;
while (1)
= {
GPIO_SetBitS (LED1_PORT, LED1_PIN);
delay():
GPIO_ResetBitS (LED1_PORT,LED1_PIN);
delay () ;
B }
}

2.2 Nano Pack Installation

Visit https://www.keil.arm.com/packs/rt-thread-realthread/versions/ to download the Pack installation file. After the

download is complete, double-click the file to install it:
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Figure 2-2 Nano Pack Install

Welcome to Keil Pack Unzip
Fieleasze 6/2021

This progran inztalls the Software Pack:

RealThread RT-Thread 3.1.5
RT-Thread Software Components

Destination Folder

CeershRT T ppD atahLocal b Packs\RealThread AT -Threadh3.1.5

Pack already installed. | Meut w3 Cancel

_Il Click "Mext" to replace.

2.3 Adding RT-Thread Nano to the Project

Open the ready-to-run bare-metal program and add RT-Thread to the project. As shown in the figure below, click

Manage Run-Time Environment.

Figure 2-3 Step 1 of Adding Nano to the Project

& 12 | W waznTe SEN - E]‘)‘@
Project | _] readmeq & Manage Run-Time Environment Bh76c TEx_it.c ] startup_n3ZhTews
=4 Project: LedBlink 53 L Select Software Components for the
Bl N32HT6x 54 project
E1Z STARTUP 55 #include "main.h"
J startup_n32h76x.5 5g

= CMSIS 57 woid GPIO Configuration(wvoid);

] system_n32hT6x_T8x.c 58 woid RCC_Configuration(void);
-5 FWLB 59

L] miscc 60 B/ **

1 n32h76x_7Bx_rec.c 61 | *\*\name delay.

] n32n76x_72x_gpio.c 62 | *\*\fun delay program.

] n32hT6x_78x_usart.c 63 | *\*\param nons
5 5 USER :g .‘.> *\return nons

] main.c - : : .

) n32h7ex 78x it ngjtatlc vold delay(void)
B"’ZOC . 68 int i = 0x1000000;

readme. 69 while (i--);
70 |}
Tl
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Figure 2-4 Step 2 of Adding Nano to the Project
Manage Run-Time Environment X
Software Component Sel. Variant Version  Description
& CMmsls Cortex Microcontroller Software Interface Compenents
’ CMSIS Driver Unified Device Drivers compliant to CMSIS-Driver Specifications
@ Compiler ARM Compiler 1.6.0 Compiler Extensions for ARM Compiler 5 and ARM Compiler &
‘ Device Startup, Systemn Setup
€ File System MDK-Plus ~|6.13.8 File Access on various storage devices
@ Graphics MDEK-Plus ~ | 6.10.8 User Interface on graphical LCD displays
’ MNetwork MDK-Plus w | 7140 IPv4 Metworking using Ethernet or Serial protocols
= RTOS RT-Thread 315 rt-thread
? device I_ -1 315 rt-thread device
@ kernel v / 315 rt-thread kernel files
@ shell l_ 315 rt-thread finsh
USE MDRE-Plus 04T USE Communication with various device classes
< | ]
Validation Qutput Description

Fesolve Select F...

Details

0K

Cancel |

Help |

You can now see in Project that the RT-Thread RTOS has been added. Expanding RTOS, you can see the files that
have been added to the project:
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Figure 2-5 Project architecture after adding Nano

=% Project: LedBlink 53 L ko f
545 N32HT6x Sa
=l STARTUP 55 #include "main.h"
_] startup_n32hT76x 5 56
= CMSIS 57 woid GPIO_Configuration(void);

B systermn_n32h76x_78x.c
= FWLB

void RCC_configuration(void);

21 misc.c 60 E/**
] n32h76x_78x_rce.c 61 | *\*\name delay.
] n32nTex_78x_gpio.c 62 ¥4\ fun delay program.
1 n32h76x_78x_usart.c 63 *\*\param none
=55 USER €4 *\*\return none
] mainc €5 - */ . . .
66 static wvoid delay(void)

] n32nT6x_Tax_it.c

= poc TR . . I
) resdmenct 68 1n.1:', i =.IJX¢LIJIJIJIJL;
69 while (i--);
o % RS 20 | 3 - .
=T context_rvds.S (kernel) 21 L ________.—-———f COI‘teX—M Chlp Core
g cpu_cache.c (kernel) F2/**
ST cpuportc (kernel) 73 *\ *\name main.
2T clock.c (kernel) 74 % 4N fun Mzin program.
ﬁ components.c (kernel) 75 *\*\param none
T idle.c (kernel) 76 *\*\return none
ﬁ ipc.c (kernel) 77 L */
i irg.c (kernel) 78 int main(void)
ﬁ kservice.c (kernel) 79 E{ .
7 mem.c (kemel) % =T s rem clack */ Kernel Files
& mempool.c (kernel) 81 RCC_SetSysClkToModel () ;
%7 object.c (kemel) B2 /* RCC configuration ———————————————
ﬁ scheduler.c (kernel) 83 RCC_Configuration()
7 thread.c (kemel) g4 /* GPIO :c_mfigu;at"_on —————————————————————————————————————————————
ﬁ timer.c (kermel) B85 GPIO_Configuration():
_I board.c (kernel] e . .
_] rtconfig.h (kernel) I1 el while (1)

g8 {
\9\ GPIO_SetBits (LED1_PORT,LED1_PIN);

90 delay ()’
91 ‘PIO_ResetBitS (LEDJ_PGRT, LEDl_PIN) ;
92 de () 7

HEy 1
94 |} Config Files
B
96 O/ *+
97 L‘:_"‘\""\name GPIO Configuration.
=] Project @B-:--:-I-: {} Functions | (), Templates 98 | *\*\ fun Configqures the different GPIO ports.

2.4 Adapting RT-Thread Nano

2.4.1 Interrupts and Exception Handling

RT-Thread will take over the exception handler HardFault Handler() and the pendable service handler
PendSV_Handler(). These two functions have already been implemented by RT-Thread, so you need to remove the
HardFault Handler() and PendSV_Handler() functions from the n32h76x 78x it.c file in the project to avoid
duplicate definitions during compilation. If the project compiles without any duplicate function definition errors, no
modifications are needed.

2.4.2 System Clock Configuration

It is necessary to implement the system clock configuration in board.c (to provide working clocks for the MCU and
peripherals) and the OS tick configuration (to provide a heartbeat/tick for the operating system).

As shown in the code below, system initialization and OS Tick configuration need to be done in the board.c file. For
the Cortex-M architecture, the rt_os_tick callback() function needs to be called in the SysTick Handler() function.
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Figure 2-6 System clock and OS tick configuration in board.c

void rt_os_tick_callback(void)
B{

rt_interrupt enter():;
rt_tick increase();

rt_interrupt_leave ()’
}

o/
*\*\name SysTick Handler.
*\*\ fun This function handles SysTick exception.
*\*\param none
*\*\return none
L oay
vold SysTick Handler (void)
B{
rt_os_tick callback();
}

S
T * This function will initial your board.
y

void rt_hw board init (void)

{
E RCC_ClocksTypeDef RCC Clocks = { 0 };
il /o
* TODO 1: 0S Tick Configuration

x/
/* 1: Initialize system clock */
RCC_SetSysClkToMode0 () ;

/* frequencies of different on chip clocks */

RCC_GetClocksFregValue (&RCC_Clocks) ;

/* 2: 08 Tick update */

H#ifdef RT_USING_COMPONENTS_INIT
rt_components_board init();
#endif

F#endif

2.4.3 CONSOLE Serial Port Initialization

SysTick Config(RCC_Clocks.M7ClkFreq / RT_TICK_ PER_SECOND) ;

/* Call components board initial (use INIT_BOARD EXPORT())

H#if defined (RT_USING USER_MAIN) && defined(RT_USING HEAF)
rt_system heap init(rt_heap begin get(), rt_heap end get()):

nsing.com.sg

* Enable the hardware timer and call the rt _os_tick callback function
* periodically with the freguency RT_TICK PER_SECOND.

Enable the console function by turning on RT USING CONSOLE in rtconfig.h, then implement the UART
initialization in the uart init() function in board.c and implement the console output redirection in the

rt_ hw_console output() function.
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Figure 2-7 Console serial port initialization in board.c

éstatic int uwart_init (void)

/* TODO 2: Enable the hardware uart and config baudrate */
GPIO InitType GPIO_InitStructure;

USART InitType USART_ InitStructure;

DEBUG_USART_GPIO APBxClkCmd( DEBUG_USART_ GPIO_CLK, ENABLE):

DEBUG_USART_APBxClkCmd (DEBUG_USART CLK, ENABLE);

GPIO_InitStruct(&GPIO_InitStructure);

GPIO_InitStructure.Pin = DEBUG_USART TX GPIO_PIN;
GPIO_InitStructure.GPIO_Mode = GPIO_MODE_AF PP;
GPIO_InitStructure.GPIO_Pull = GPIO_NO_PULL;

GPIO_InitStructure.GPIO Alternate = DEBUG USART TX GPIO AF;
GPIO_InitPeripheral( DEBUG_USART TX GPIO_PORT, &GPIO InitStructure

GPIO_InitStructure.Pin = DEBUG_USART RX GPIO_PIN;
GPIO_InitStructure.GPIO_Made = GPIO_MODE_AF PE;
GPIO_InitStructure.GPIO_Pull = GPIO_NO_PULL;

GPIO_InitStructure.GPIO_Alternate = DEBUG_USART_RX_GPIO_AF;
GPIO_InitPeripheral( DEBUG_USART RX GPIO_PORT, &GPIO InitStructure

USART StructInit (&USART InitStructure);

USART_InitStructure.BaudRate = DEBUG_USART BAUDRATE;
USART InitStructure.WordLength = USART_WL_G8B;
USART InitStructure.StopBits = USART STPE 1;

USART InitStructure.Parity USART_PE NO ;

USART InitStructure.HardwareFlowControl = USART HFCTRL_NONE;
USART InitStructure.Mode =
USART_Init( LOG_USARTx, &USART InitStructure );

USART_Enable( LOG_USARTx, ENABLE );
return 0;

INIT_BOARD EXPORT (uart_init);

Figure 2-8 Console output redirection in board.c

&void rt_hw_console_ ocutput (const char *str)

/* TODO 3: Output the string 'str' through the uart */
uint8_ t char r = "\r';

/* Enter the critical */

rt_enter critical();

/* Until the end of the string */
while (*str 1= '\0')
{
if (*str == '\n'")
{
/* Loop until the end of transmission */

nsing.com.sg

)i

)i

= USART_MODE_RX | USART MODE TX;

while (USART GetFlagStatus (LOG USARTx, USART FLAG TX() == RESET)

{
}
USART_ SendData (LOG_USARTx, char_r);

/* Loop until the end of transmission */

while (USART_GetFlagStatus (LOG_USARTx, USART_ FLAG TXC) == RESET)

{

}

USART_SendData (LOG_USARTx, *(uintB_t *)str);
strt++;

/* Exit the critical */
rt_exit_critical();
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2.4.4 Memory Heap Initialization

The initialization of the system memory heap is completed in the rt hw_board _init() function in board.c. Whether
the memory heap feature is used depends on whether the macro RT USING HEAP in rtconfig.h is enabled. RT-
Thread Nano does not enable the memory heap feature by default, which helps maintain a smaller footprint without
allocating space for the memory heap.

Enabling the system heap allows the use of dynamic memory functions, such as rt_malloc, rt_free, and various system
APIs for dynamically creating objects. If you need to use the system memory heap functionality, simply enable the
RT USING HEAP macro in rtconfig.h, at which point the memory heap initialization function rt_system_heap_init()
will be called.

Figure 2-9 Call to rt_system_heap_init()

S
T * This function will initial your board.
y

void rt_hw board init (void)

{
Z RCC_ClocksTypeDef RCC_Clocks = { 0 };

/%

* TODO 1: 0S5 Tick Configuration
* Enable the hardware timer and call the rt os_tick callback function
* periodically with the fregquency RT_TICK PER SECOND.
x/

/* 1: Initialize system clock */

RCC_SetSysClkToModeO () ;

/* frequencies of different on chip clocks */

RCC_GetClocksFregValue (&RCC_Clocks) ;

/* 2: 08 Tick update */
SysTick Config(RCC_Clocks.M7ClkFreq / RT_TICK_PER_SECOND) ;

/* Ccall components board initial (use INIT BOARD EXPORT()) */
H#ifdef RT_USING_COMPONENTS_ INIT

rt_components board init();
#endif

F#if defined (RT_USING_USER_MAIN) && defined (RT_USING_HEAP)
rt_system heap init(rt_heap begin get (), rt_heap end get());
endif

Initializing the memory heap requires two parameters: the starting address and the ending address of the heap. By
default, the system uses an array as the heap and obtains the starting and ending addresses of the heap. The size of
this array can be manually changed, as shown below:
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Figure 2-10 Configuring array as heap size

lﬂ:%;;f defined (RT_USING_USER_MAIN) && defined(RT_USING HEAP)

15 [H]/*

16 * Please modify RT_HERP SIZE if you enable RT_USING_HERF
17 * the RT_HERP SIZE max value = (sram size - ZI size), 1024 means 1024 bytes
ls - - -

18 | #define RT_HEAP SIZE [15%1024) /'

20 | static rt_uintd_t rt_heap[RT HERP SIZE]:;

21

22 RT_WEARK void *rt_heap_begin_ get (void)

23 4

24 return rt_heap;

25 |}

26 -

27 | RT_WEAK void *rt_heap_ end get (void)

28 4

29 return rt_heap + RT_HEAP SIZE;

30 -}

31 sendif

a7

Note: After enabling the heap dynamic memory feature, the default heap size is relatively small. You need to increase

it when using it, otherwise memory allocation or thread creation may fail. There are two ways to modify it:
®  Method 1: You can directly modify the size of RT HEAP_SIZE defined in the array.

® Method 2: Use the end of the RAM ZI section as the starting address of the HEAP, and use the end address of
the RAM as the ending address of the HEAP.

2.5 Writing First Application

After successfully porting RT-Thread Nano, you can start writing your first application code to verify the porting
results. At this point, the main() function transforms into a thread of the RT-Thread operating system. You can now
implement your first application in the main() function: flashing the onboard LED indicator. Here, it is directly
modified based on the bare-metal LED indicator.

1. First, add the relevant RT-Thread header file <rtthread.h> at the beginning of the file.
2. Implement the LED blinking code in the main() function (that is, in the main thread).

3. Replace the delay function with the delay function provided by RT-Thread, rt_thread mdelay(). This function
will trigger system scheduling, switch to other threads, and reflect the real-time characteristics of threads.
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Figure 2-11 LED Flasher Application Example

lude "main.h"
-lude "n32h76x 78x it.h"
-lude <rtthread.h> ]

void GPIO_Configuration(void);
void RCC_Configuration(void):

o/
*\*\name  main.
*\*N\ fun Main p
*\*\param none
*\*\return none

L sy

int main (void)
=K

H

ogram.

/* RCC configuration ———————mmmmmm e * /
RCC_Configuration();

/* GPIO configuration ——————-——-———————————— */
GPIO_ Configuration();

while (1)

GDIO _SetBits (LED1 DORT LEDl_PIN) ;
t thread mdelay (500);
GPIO ResetBits (LEDL PORT,LED1 PIN);
[rt thread mdelay (500) ;]

2.6 Configuring RT-Thread Nano

Users can configure the corresponding features according to their needs by modifying the macro definitions in the
rtconfig.h file.

The MDK configuration wizard makes it easy to configure the project. In the 'Value' column, you can select the
corresponding function and modify related values, which is equivalent to directly editing the configuration file
rtconfig.h.

16/30
NSING Technologies Pte. Ltd.
Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singapore 117674
Email: sales@nsing com sg



>
"" NSING

nsing.com.sg

Figure 2-12 rtconfig.h configuration interface

] boardc | rtconfig.h - X
Expand Al | Callapze Al Help I~ Show Grd
Optien Value

[=1-Basic Configuration
Maximal level of thread priority 32
05 tick per second 1000
Alignment size for CPU architectu... 4

the max length of object name 3
Using RT-Thread components initi... [+
the stack size of main thread 256

[=1-Debug Configuration
enable kernel debug configuration |
enable components initialization ... 0
thread stack over flow detect [
[=1-Hook Configuration
using hook -
using idle hook -
[=-Software timers Configuration -
The priority level of timer thread 4

The stack size of timer thread 512

|

IPC{Inter-process communication) C...

|

Memory Management Cenfiguration

|

Console Configuration

2]

Fin5SH Configuration

=]

Device Configuration

Memeory Management Configuration

Text Editor ID.\ Configuration Wizard : I

2.7 Precautions

Do not delete the RTE folder under the MDK ARM folder, as it contains the board.c and rtconfig.h files. If deleted,
you will need to rewrite these two files according to the previous instructions.

Figure 2-13 MDK_ARM folder

< Mationstech.N32H76x_78x Library.1.0.0 » projects » n32h76x EVAL » examples » GPIO » LedBlink » MDK-ARM >

st = )

RTE =
| ] LedBlink.uvoptx UVOPTX 3rfs 13 KB
KA LedBlink.uvprojx Bgision3 Project 18 KB
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3 Porting RT-Thread Nano Based on IAR

The main steps for porting RT-Thread Nano based on IAR:

1.

A won

nsing.com.sg

Prepare a basic IAR project and obtain the RT-Thread Nano source code compressed package.

Add the RT-Thread Nano source code to the basic project and include the corresponding header file paths.

Adapt Nano, mainly focusing on interrupts, clocks, memory, and applications to achieve the porting.

Finally, configure Nano: Nano is modular, and the system can be tailored through the configuration file

rtconfig.h.

3.1 Basic Project Preparation

Figure 3-1 IAR Basic Project Preparation

J;' k&
B B\ name Delay.
e fun Delay program.

&\ #\param none
B B return none

ki

static woid Delay{void)

{

}

'I;' E x5
B i\name  maln.
£y fun Main program.
& S\ param none
&\ #\return none

J.I.-'

int i = 0x10000 00z
while (i--);

int main{veid)

{

¢ nitiglizs retem olock
/% Initialize system clock

RCC_Set3ysClkToModel()

A* RCC configuration —-—--—-———————————m o £

RCC Configuration():

fEEDTO confionrstion
A% GPTO confi n

L 1 ey

GFI0 Configuration();

while ({1}
{

GPFIQ_SetBits (LED1_FORT,LED1_FIN):

Delay():

GFI0 ResetBits (LEDL_FORT,LEDL1_FIN):;

Delay()r

3.2 Nano Pack Installation

Visit https://www.keil.arm.com/packs/rt-thread-realthread/versions/, download the RT-Thread Nano source code.

After the download is complete, decode it as shown in the figure below:
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Figure 3-2 RT-Thread Nano source code
&R h CEEE: sem K/

bsp 2024/9/2016:19 SAEEE

components 202479720 16:19 g

docs 2024/9/20 16:19 TR

include 2024/9/20 16:19 e

libcpu 2024/9/2016:19 A

src 2024/9/2016:19 prgte=
| .gitattributes 2024/9/20 16:19 GITATTRIBUTES .. 1 KB
| .gitignore 2024/9/20 16:19 GITIGNORE 3% 1 KB
| travis.yml 2024/9/20 16:19 YML 3245 8 KB
. AUTHORS 2024/9/2016:19 BT 1 KB
| Changelog.md 2024/9/20 16:19 MD 3745 134 KB
| LICENSE 2024/9/20 16:19 3Tt 12 KB
. README.md 2024/9/20 16:19 MD 324t 5 KB
| README_zh.md 2024/9/2016:19 MD 3Zi% 6 KB

3.3 Adding RT-Thread Nano to the Project

3.3.1 Add Nano Source File

Create a new 'rtthread' folder under the prepared IAR bare-metal project, and add the following files in that folder:

® The include, libcpu, and src folders in the Nano source code

® Configuration files: two files in the bsp folder of the source code: board.c and rtconfig.h

Figure 3-3 rtthread folder

&5 ETEE: s o
include 2025/6/25 15:22 Tk
libcpu 2025/6/25 15:22 Tt
sre 2025/6/25 15:22 T
" board.c 2024/9/20 16:19 C it 5 va
] rtconfigh 2024/9/20 16:19 H i sxe

Double-click to open the IAR bare-metal project, create a new rtthread group, and add the following source code

under this group:
® Add all files from the rtthread/src/ folder to the project

® Add the CPU port files and context switching files for the corresponding kernel from the rtthread/libcpu/ folder
to the project: cpuport.c and context_iar.S

® Add board.c from the rtthread/ folder
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Figure 3-4 RT-Thread Grouping

Files o .
B @ LedBlink - N32H76x = 4
mESP ]
B CHSIS
-3 W ooc
L — Breadme.td
=1 W FyiB
[l misc.c
n32h7Ex_78x_gpio.c
[1 n3zh76x_78x_rcoo
n3eh?Gx_78«_usar.c
= & rthread
[] board.c
clock.c
[] components.c
[ contesd_iar.5
[ cpuc
cpu_cache.c
cpupot.c
[ device o
ide.c
Hipcc
irg.c
[ kservice.c
mem.c
memheap.c
[ mempool.c
ohjectc
[1 schedulerc
signal.c
[1slab.c
[ thread.c
[l timer.c
e WS TARTUR
[ startup_n32h?Ex_EvWARM .5
= i USER
main.c .
n3Zh7hx_78x_itc .
L& M Output
F— B LedBlink.map
[ LedBlink.out .

3.3.2 Add Header File Path

Click Project -> Options... to enter the interface shown below, and add the path to the location of the rtconfig.h header
file, as well as the path to the header files in the include folder.
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Figure 3-5 Add header file path

Options for node "LedBlink" X
[Ealeoon Factory Settings
General Options [ Multi-file Compilation
Static Analysis Dizcard Unuzed Public:

Runtime Checking
MISRA-C:1998 Encodings Extra Options
Assembler SRR
Output Converter Language 1 Language 2 Code Optimizations Output
Custom Build List Preprocessor Diagnostics MISRA-C:2004
Build Actions
Lirker [lgnore standard include directories
Debugger
Simulator Additional include directories: (one per ling)
cAnt $PROJ_DIRS\.\.\.\.\bsphinc -
CMSIS DAP $PROJ_DIRS i CMSsIS\devi
DB Server 2 Lo firmwa ey ‘device

$PROJ DIR$\. Ninc

Iet

T4k Trace $PROJ_DIR$\.\rtthread

I Stellaris $PROJ_DIRS\.\rithreadyinclude v

Mu-Link \

PE micro Preinclude

STHLINK

Third-Party Driver

L HSP‘FH Defined symbaols: (one per ling)

TIXDS N32HT6x [ Preprocessor output to file
CORE_CM7 Preserve comments
USE_STDPERIPH_DRIVER Generate #line directives

Cancel

3.4 Adapting RT-Thread Nano

3.4.1 Interrupts and Exception Handling

RT-Thread will take over the exception handler HardFault Handler() and the pendable service handler
PendSV_Handler(). These two functions have already been implemented by RT-Thread, so you need to remove the
HardFault Handler() and PendSV_Handler() functions from the n32h76x 78x it.c file in the project to avoid
duplicate definitions during compilation. If the project compiles without any duplicate function definition errors, no

modifications are needed.

3.4.2 System Clock Configuration

It is necessary to implement the system clock configuration in board.c (to provide working clocks for the MCU and
peripherals) and the OS tick configuration (to provide a heartbeat/tick for the operating system).

As shown in the code below, system initialization and OS Tick configuration need to be done in the board.c file. For
the Cortex-M architecture, the rt_os_tick callback() function needs to be called in the SysTick Handler() function.
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Figure 3-6 System clock and OS tick configuration in board.c

wvold rt os_tick callback(wvoid)
=

rt_interrupt enter():
rt_tick increase();

rt_interrupt leave():

SIFER
£y B\ name SysTick Handler.
By By fun This function handles 5ysTick exception.
B B param none
& 8\ return none

L 1;"

woid SysTick_Handler (void)
B {

rt_os_tick callback();

E VAR
t This function will initial your board.
L l.f"
void rt_hw board init{weid)

{

BCC ClocksTypeDef RCC Clocks = { 0 };
| &
i Tick Configuration
hardware timer and call the rt

o5 b1
ly with the frequency RT TICK PER SECOND.

&

i
i k7

/% 1r Initialize system clock */

RCC_Set3ysClkToMode0()
e _Fr_‘_“_:_-\.n-|_5- of different on "'.I“"p clocks */

- an HS

RCC GetClocksFregValue (eRCC_Clocks);

JR 2: 05 Tick update */

SyaTick Config(RCC Clocks.M7ClkFreq / RI_TICE_FER_SECOND) ;

.

INIT BOARD EXPORT(}} *+/

(8
i
[
-
[ =]
[
i

/% Call components board init
[= #ifdef RT _USING_COMPONENTS_INIT

rt components b oard 1nit():
#endif

[ #if defined(RT_USING _USER_MRIN) =& defined{RT_USING_HEAPJ
rt system heap init({rt - _heap begin get ()}, rt heap end getf(});
- #endif

= |

3.4.3 CONSOLE Serial Port Initialization

Enable the console function by turning on RT USING _CONSOLE in rtconfig.h, then implement the UART
initialization in the uart init() function in board.c and implement the console output redirection in the
rt_ hw_console output() function.
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Figure 3-7 Console serial port initialization in board.c

static int uart_init(wvoid)

=
J% TODO 2: Enable the hardware uart and config baudrate */
GPIC0 InitIype GPIO InitStructurs;
USART_InitType USART_Init3tructure;
DEBUG_USART GPIQ _RPBxClkCmd({ DEBUG_USART GPIQ_CLE, ENABLE);
DEBUG USRRT AFBxClkCmd (DEBUG USART CLE, ENABLE);
GPICO InitStruct (&5PI0_InitStructure);
GPIO_InitStructure.Pin = DEBUG USZRT_TX GPIO_PIN:
GPIO InitStructure.GPIO Mode = GPIO_MODE_AF PE;
GPIO_InitStructure.GPI0 Pull = GPIO_NO_PULL;
GPIO_InitStructure.GPI0 Alternate = DEBUG_USART_TX_GPIO_AF;
GPIO InitPeripheral{ DEBUG_USART TX GPIO_PORT, &GPIO InitStructurs );
GPIO InitStructure.Pin = DEBUG_USART RX GPIO PIN;
GPIO_InitStructure.GPI0 Mode = GPIQO_MODE LF PE;
GPIO_InitStructure.GPI0_Pull = GPIO_NO_FULL;
GPIO InitStructure.GPI0 Llternate = DEBUG USART RX GFIO LF;
GPIO_InitPeripheral ( DEBUG_USART BX GPIO_PORT, &GPIQ InitStructurs );
USART StructInit (&USART Init3tructurej;
USARI_InitStructure.BaudRate = DEBUG_USRRT_ BLUDRATE;
USART_InitStructure.WordLength = USART_WL_8B;
USART_InitStructure.S5topBits = USART_STEB_1;
USART InitStructure.Parity = USARI_FE NO ;
USART_InitStructure.HardwareFlowControl = USART HFCTRL_NONE;
USART_Init3tructure.Mode = USART_MODE_R¥ | USART_MODE_TX:
USART Init({ LOG_USARTx, £USRERT InitStructure j;
USART_Enable( LOG_USARTx, ENZBLE );
return 0;

= |

INIT_BOARD EXPORT (uart_init);

Figure 3-8 Console output redirection in board.c

woid rt_hw_console_ocutput (const char *str)

=N
/% TODO 3:r Output the string 'str' through the part &/
uintf_t char r =
/% Enter the crit i
rt_enter_critical();
/% Until the end of the string */
while (*str != '\0')
] {
if (*str == 'n'")
] {
/* Loop until the end of transmission */
while (USART_GetFlagStatus(LOG_USARTx, USART_FLAG_TXC) == RESET)
= {
B }
USARI_ SendData(LOG USARIx, char r);
I }
/% Loop until the end of transmission */
while (USARI_GetFlagStatus (LOG_USARTxz, USART FLAG TEC) == RESET)
H {
B }
USART SendData (LOG USARTx, *(uintd_t *)str):
atr++;
I }
/4% Exit the criti &g
rt_exit_critical();
= |
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3.4.4 Memory Heap Initialization

The initialization of the system memory heap is completed in the rt hw_board _init() function in board.c. Whether
the memory heap feature is used depends on whether the macro RT USING HEAP in rtconfig.h is enabled. RT-
Thread Nano does not enable the memory heap feature by default, which helps maintain a smaller footprint without
allocating space for the memory heap.

Enabling the system heap allows the use of dynamic memory functions, such as rt_malloc, rt_free, and various system
APIs for dynamically creating objects. If you need to use the system memory heap functionality, simply enable the
RT USING HEAP macro in rtconfig.h, at which point the memory heap initialization function rt_system_heap_init()
will be called.

Figure 3-9 Call to rt_system_heap_init()

S
T * This function will initial your board.
y

void rt_hw board init (void)

{
Z RCC_ClocksTypeDef RCC_Clocks = { 0 };

/%

* TODO 1: 0S5 Tick Configuration
* Enable the hardware timer and call the rt os_tick callback function
* periodically with the fregquency RT_TICK PER SECOND.
x/

/* 1: Initialize system clock */

RCC_SetSysClkToModeO () ;

/* frequencies of different on chip clocks */

RCC_GetClocksFregValue (&RCC_Clocks) ;

/* 2: 08 Tick update */
SysTick Config(RCC_Clocks.M7ClkFreq / RT_TICK_PER_SECOND) ;

/* Ccall components board initial (use INIT BOARD EXPORT()) */
H#ifdef RT_USING_COMPONENTS_ INIT

rt_components board init();
#endif

F#if defined (RT_USING_USER_MAIN) && defined (RT_USING_HEAP)
rt_system heap init(rt_heap begin get (), rt_heap end get());
endif

Initializing the memory heap requires two parameters: the starting address and the ending address of the heap. By
default, the system uses an array as the heap and obtains the starting and ending addresses of the heap. The size of
this array can be manually changed, as shown below:
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Figure 3-10 Configuring array as heap size

14 [|#if defined(RT_USING USER_MATN) && defined(RT _USING_HEAP)

15 [H/*

16 * Please modify RT_HERP SIZE if you enable RT_USING_HERF
17 * the RT_HERP SIZE max value = (sram size - ZI size), 1024 means 1024 bytes
18 [ */ B

19 | #define RT_HEAP STZE (15%1024) /'

20 | static rt_uintd_t rt_heap[RT HERP SIZE]:;

21

22 | RT_WEAK void *rt_heap begin get (voild)

23 4

24 return rt_heap;

25 |}

26 -

27 | RT_WEAK void *rt_heap_ end get (void)

28 4

29 return rt_heap + RT_HEAP SIZE;

30 -}

31 | #endif

=0 }

Note: After enabling the heap dynamic memory feature, the default heap size is relatively small. You need to increase

it when using it, otherwise memory allocation or thread creation may fail. There are two ways to modify it:
®  Method 1: You can directly modify the size of RT HEAP_SIZE defined in the array.

® Method 2: Use the end of the RAM ZI section as the starting address of the HEAP, and use the end address of
the RAM as the ending address of the HEAP.

Note: During the porting process, please pay attention to the configuration for dynamic memory allocation in
kservice.c. The new version of the RT-Thread Nano kernel manages Memory Pool, Dynamic Heap, and Tiny Memory
differently. In addition to enabling the corresponding macros in rtconfig.h, it is also necessary to define the macros

for the respective memory management.

Figure 3-11 Memory management configuration in rtconfig.h

A4 <hzMemory Management Configuration
emenkt

=} i i

emenkt

=} i i

S <clzDynamic Heap Management (Algorithm: small memory )
A4 «izDynamic Heap Mana
gdefine RT_USING_ HEAP
gdefine RT_USING SMALL MEM

fdefine BT USING SHALL MEM LS HERE |

r ‘_.-' {__.-' -

S <clzusing tiny size of meEmory
S4  <izusing tiny size of memory
S/#definse RT USING TINY S5IZE
Ao

A <SR
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Figure 3-12 Memory management selection macro in kservice.c

#1f defined |RT USING SMALL MEM A5 HELP)|

static rt smem t gystem heap)

rt inlipe void smem info(rt size bt *total,
rt size t *used, rt size t ‘max used)

if (total)
ftotal = system heap-»total;
1f (fused)
*used = system heap->used;
if fmax used)
fmax used = system heap-=max)
- ,.I' - -
#define MEM INIT( name, _start, _size) |\

system heap = rt smem init( name, start, size)
#define MEM MALLOC( size} |\

rt smem alloc(system heap, _si ze)

#define MEM REALLOC{ ptr, newsize))

rt smem realloc (system heap, ptr, _nersi ze)
#define MEM FREE( ptr) \

rt smem free( ptr)

#define MEM INFO( total, used, max) |\

_smem _infof total 152
#21if definedyRT USING MEMHEAP AS HEAPD)
static struct rt memheap system heap;
void * memheap alloc(struct rt memheap *heap, rt size t size);
void memhesp free(void ‘rmem);
void * memheap realloc(struct rt memheap *heap, void *rmem, rt size t newsize);
#define MEM INIT( name, start, size) \

rt memheap init(ssystem heap, name, start, size)

#define MEM MALLOC( size} |\

_memheap alloc (&system heap, _si ze)

#define MEM REALLOC({ ptr, nevsizie) \

_memheap realloc(ssystem heap, ptr, _nersi ze)
#define MEM FREE( ptr} Y

_memheap frees( ptr)

#define _MFEM INFO({ totzl, used, max) \

rt memheap info{esystem heap total, used, max)

#21if defined|RT USING SLAB A5 HEAP)

tatic

static rt s5lsb € 5yscem heap)

.

-] rt inline woid slab info(rt size t ‘total,
rt size t ‘used, rt size t ‘max used)

if (total)
*total = system heap-»total;
1f (used)
*uged = system heap->used;
if fmax used)
‘max used = system heap-rmax;
-}
#define MEM INIT( name, _start, size) |\
system heap = rt slab init( name, start, size)
#define MEM MALLOC( size} |\
rt slab alloc(system heap, _si ze)
#define MEM REALLOC( ptr, newsize) \
rt slab realloc(system heap, _ptr, _nevsi ze)
#define MEM FREE( ptr) \
rt 5lab free(system heap, ptr}

#define MEM INFO _slab info
#else

#define MEM INIT(...)}

#define _MEM MALLOC(...) RT NULL
#define _MEM REALLOC(...} RT NULL

#d=fine MEM FREE(...)
#dsfine MEM INFO(...)
| #endif
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3.5 Writing First Application

After successfully porting RT-Thread Nano, you can start writing your first application code to verify the porting
results. At this point, the main() function transforms into a thread of the RT-Thread operating system. You can now
implement your first application in the main() function: flashing the onboard LED indicator. Here, it is directly
modified based on the bare-metal LED indicator.

1.  First, add the relevant RT-Thread header file <rtthread.h> at the beginning of the file.
2. Implement the LED blinking code in the main() function (that is, in the main thread).

3. Replace the delay function with the delay function provided by RT-Thread, rt thread mdelay(). This function
will trigger system scheduling, switch to other threads, and reflect the real-time characteristics of threads.

Figure 3-13 LED Flasher Application Example

#include "main.h"
#include "n3i2h76x 7Eix ic.h"
[#include <rtthread.h>]

void GPICO Configuration(veid):
wvoid RCC_Configuration(wvoid):

:_‘ R"AA
B M\name  main.
By by fun Main program.

& M\ param none
&\ return none
= Af

int main{veid)
I

; 0 ey AT I
J% ROC conf gurac D e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o

1 100
RCC Configuration():
/% GPIQ confi ion

. .
ORELGUESELION ———m e mmm e y

GPIO Configuration():

while (1)
- {

GPI0 SetBits(LEDLl_PORT,LEDL_FIN):
et thread mdelay(500) 7]

GEIO BesetBits (LED] POF

3.6 Configuring RT-Thread Nano

Users can configure the corresponding functions according to their needs by enabling or disabling the macro
definitions in the rtconfig.h file. Below is a code snippet from rtconfig.h:
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Figure 3-14 Code snippet of rtconfig.h

/4 <e=Softwares timers Configuration
/4 <i> Enables user timers
#define RT_USING_TIMER_SOFT o
$if RT_USING_TIMER_SOFT == O

gundef RT_USING TIMER_SOFT
- #endif
/4 <o=The priority level of timer thread <0-31>
A4 <izDefault: £
#define RT_TIMER THRERD FRIO 4
/4 <0=The stack size of timer thread <0-5192>
A4 <izDefault: 51
#define RT_TIMER_THREAD STACK SIZE 512
s <sex

1}
L

[T

// <h=IPC({Inter-process communication) Configuration
// <cl:Using Semaphore

// <1:Using Semaphore

#define RI_USING SEMARFHORE

APo<feE

// <cl:Using Mutex

/4 <i:Using Mutex

//#define R T USING MUTEX

APo<feE

/# <cl:Using Event
/# <i:Using Event
//#define R T USING EVENT
APo<feE

Jf <cl>Using MailBox
Jf <i:xUsing MailBox
J/#defins R T USING SIGNALS

Aol

Jf <cl>Using Signals

/4 <i:zUsing Signals

#define RI_USING MAILBOX
Aol

/4 <cl>Using Messsages Qusus

/4 <ixUsing Messsage Qusus
J/#defins R T USING MESSAGEQUEUE
Aol

A7 </h=
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5 Notice

This document is the exclusive property of NSING TECHNOLOGIES PTE. LTD. (Hereinafter referred to as NSING).
This document, and the product of NSING described herein (Hereinafter referred to as the Product) are owned by
NSING under the laws and treaties of Republic of Singapore and other applicable jurisdictions worldwide. The
intellectual properties of the product belong to NSING Technologies Inc. and NSING Technologies Inc. does not
grant any third party any license under its patents, copyrights, trademarks, or other intellectual property rights. Names
and brands of third party may be mentioned or referred thereto (if any) for identification purposes only. NSING
reserves the right to make changes, corrections. enhancements, modifications, and improvements to this document at
any time without notice. Please contact NSING and obtain the latest version of this document before placing orders.
Although NSING has attempted to provide accurate and reliable information, NSING assumes no responsibility for
the accuracy and reliability of this document. It is the responsibility of the user of this document to properly design,
program, and test the functionality and safety of any application made of this information and any resulting product.
In no event shall NSING be liable for any direct, indirect, incidental, special, exemplary, or consequential damages
arising in any way out of the use of this document or the Product. NSING Products are neither intended nor warranted
for usage in systems or equipment, any malfunction or failure of which may cause loss of human life, bodily injury
or severe property damage. Such applications are deemed, Insecure Usage’. Insecure usage includes, but is not limited
to: equipment for surgical implementation, atomic energy control instruments, airplane or spaceship instruments, all
types of safety devices, and other applications intended to supporter sustain life. All Insecure Usage shall be made at
user's risk. User shall indemnify NSING and hold NSING harmless from and against all claims, costs, damages, and
other liabilities, arising from or related to any customer's Insecure Usage Any express or implied warranty with regard
to this document or the Product, including, but not limited to. The warranties of merchantability, fitness for a
particular purpose and non-infringement are disclaimed to the fullest extent permitted by law. Unless otherwise
explicitly permitted by NSING, anyone may not use, duplicate, modify, transcribe or otherwise distribute this

document for any purposes, in whole or in part.
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