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A.1.1 ®aiin CoroUtils.hpp

#pragma once

#include "MetaUtils.hpp"

#include <coroutine>

#include <atomic>

#include <array>

#include <logger/logger service.hpp>

#ifdef MSC VER
#include <coroutine>
namespace stdcoro = std;
#elif  GNUC

#include <coroutine>

namespace stdcoro = std;

#else

#include <experimental/coroutine>
namespace stdcoro = std::experimental
fendif

#include <etl/vector.h>
#include <etl/queue spsc_atomic.h>

struct Promise

{

auto initial suspend()noexcept

{

return stdcoro::suspend never{};

}

auto final suspend()noexcept

{

return stdcoro::suspend never{};

void get return object ()



{
}

void return void()
{
}

void unhandled exception ()

{
while (1)
{

}r

template <typename... Args>
struct stdcoro::coroutine traits<void, Args

{
using promise type = Promise;

b

namespace CoroUtils

{

struct VoidTask

{
struct task promise;
using promise type = task promise;

struct task promise

{

task promise () noexcept = default;

void return void()noexcept {}

void unhandled exception () noexcept

{

while (true)

{

}

VoidTask get return object ()noexcept

{

return

VoidTask{ stdcoro::coroutine handle<task promise>

s) }i

::from promise (*thi
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auto initial suspend()noexcept { return

stdcoro: :suspend always{}; }

struct final awaitable

{

bool await ready () noexcept
{
return false;

}

template<typename TPromise>

void
awalt suspend(stdcoro::coroutine handle<TPromise> coroutine)
noexcept
{
task promise& promise = coroutine.promise();
if (promise.m continuation)
{
promise.m continuation.resume();
}
}
void await resume () noexcept {}
bi
void set continuation(stdcoro::coroutine handle<>
continuation)

}i

{

m_continuation = continuation;

auto final suspend()noexcept

{

return final awaitable{};

stdcoro::coroutine handle<> m continuation;

struct task awaitable

{

coroutine)

task awaitable(stdcoro::coroutine handle<promise type>

m_coroutine{ coroutine }
{
}

bool await ready()const noexcept

{

return !m coroutine || m _coroutine.done();
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void await suspend(stdcoro::coroutine handle<>

awaitingRoutine)

{

m_coroutine.resume () ;

m_coroutine.promise () .set continuation(awaitingRoutine);

}

void await resume ()
{
}

stdcoro::coroutine handle<promise type> m coroutine;

}i

VoidTask (stdcoro::coroutine handle<task promise>

suspendedCoroutine)

}i

m_coroutine{ suspendedCoroutine }

~VoidTask ()
{

if (m_coroutine)
m_coroutine.destroy();

bool await ready () const noexcept

{

return !m coroutine || m_coroutine.done();

auto operator co _await () noexcept

{

return task awaitable{ m coroutine };

void await resume ()

{
}

stdcoro::coroutine handle<promise type> m coroutine;

template<typename ... Tasks>
struct WhenAllSequence

{

std::tuple<Tasks...> m taskList;
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explicit WhenAllSequence (Tasks&& ... tasks) noexcept
m_ taskList (std::move(tasks)...)

explicit WhenAllSequence (std::tuple<Tasks...>&& tasks)noexcept
m_ taskList (std::move (tasks))

bool await ready () const noexcept { return false; }

void await suspend(stdcoro::coroutine handle<> handle)
noexcept

{
co_await
launchAll (std::make integer sequence<std::size t, sizeof...

(Tasks)>{}):
handle.resume () ;
}
template<std::size t... Indexes>
VoidTask launchAll (std::integer sequence<std::size t,
Indexes...>)
{
(co_await std::get<Indexes>(m_taskList),...);
}
void await resume () noexcept
{
}
}i
template<typename ... Args>
auto when all sequence (Argsé&é& ... args) noexcept
{
return WhenAllSequence{ std::make tuple(std::move(args)...) };

struct CoroQueueMainLoop
{
static CoroQueueMainLoopé& GetInstance ()
{
static CoroQueueMainLoop instance{};
return instance;



38

void pushToLater (std::coroutine handle<> coroHandle)

{

executionQueue.push (coroHandle) ;

void processQueue ()

{
std::coroutine handle<> handle;
while ( executionQueue.pop (handle))

{
if ('handle.done())
handle.resume() ;

template<typename Type, const size t StorageSize = 3>
using TQueueStorageType = etl::queue spsc atomic<Type,
StorageSize,etl::memory model::MEMORY MODEL SMALL>;

TQueueStorageType<std::coroutine handle<>> executionQueue;

struct Event

{
Event (bool isSet = false)
m isSet{ isSet }

bool await ready ()noexcept

return m isSet;

void await suspend(stdcoro::coroutine handle<> handle)

m continuation = handle;

void await resume ()

void set (bool toMainThread = false)

m_isSet.store(true);
if (m_continuation && !m continuation.done())

{
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if (toMainThread) {

CoroQueueMainLoop: :GetInstance () .pushToLater (m continuation) ;

}
else{
m_continuation.resume();

bool isSet () const noexcept

{

return m_isSet;

std::atomic _bool m isSet;
stdcoro::coroutine handle<> m continuation;

A.1.3 ®aiin spi_wrapper _async_templated.hpp

#pragma once

#include <memory>
#include <atomic>
#include <coroutine>
#include <optional>

#include <cstdint>

#include <etl/vector.h>
#include <utils/CoroUtils.hpp>
#include <utils/Noncopyable.hpp>

namespace Interface::SpiTemplated

{

template<typename SpiBackendImpl>
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class SpiBus

private Utils::noncopyable

public:

SpiBus () noexcept
{
m_backendImpl.setTransactionCompletedHandler (
[this] { transmitCompleted(); }
)
}
~SpiBus () = default;

public:

static constexpr std::uintl6 t DmaBufferSize = 255;

using DmaBufferType = etl::vector<std::uint8 t, DmaBufferSize>;

constexpr std::uintl6_t getDmaBufferSize () noexcept
{

return DmaBufferSize;

constexpr DmaBufferType& getDmaBufferTransmit () noexcept
{

return DmaArrayTransmit;

void transmitBuffer (
const std::uint8 t* pBuffer
, std::uintl6_t pBufferSize
, void* pUserData
, bool restorelInSpiCtx

) noexcept

{

m_coroHandle =
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std::coroutine handle<>::from address( pUserData);

const size t TransferBufferSize = pBufferSize;
const size t FullDmaTransactionsCount =
TransferBufferSize / DmaBufferSize;
const size t ChunkedTransactionsBufSize =
TransferBufferSize % DmaBufferSize;
const bool ComputeChunkOffsetWithDma =

FullDmaTransactionsCount >= 1;

TransactionContext newContext
{
.restoreInSpiCtx = restoreInSpiCtx

.computeChunkOffsetWithDma = ComputeChunkOffsetWithDma

.pbataToTransmit = pBuffer

4

, .fullDmaTransactionsCount = FullDmaTransactionsCount

, .chunkedTransactionBufSize =

ChunkedTransactionsBufSize

, .completedTransactionsCount = 0

}i

m_transmitContext = std::move (newContext);

if (FullDmaTransactionsCount)
{
--m_transmitContext.fullDmaTransactionsCount;
m_backendImpl.sendChunk (
_pBuffer
, DmaBufferSize
) ;
}

else {

m_ transmitContext.chunkedTransactionBufSize = 0;
m_backendImpl.sendChunk (

_pBuffer

, _pBufferSize
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SpiBackendImpl& getBackendImpl () noexcept
{

return m backendImpl;

const SpiBackendImplé& getBackendImpl () const noexcept
{

return m backendImpl;

private:

void transmitCompleted () noexcept
{
const bool isAllDmaTransactionsProceeded =
m_transmitContext.fullDmaTransactionsCount == 0;
const bool isAllChunckedTransactionsCompleted =

m_ transmitContext.chunkedTransactionBufSize == 0;

if (!isAllDmaTransactionsProceeded)

{

--m_transmitContext.fullDmaTransactionsCount;

m_backendImpl.sendChunk (

m_transmitContext.pDataToTransmit +

DmaBufferSize*getTransitionOffset ()
, DmaBufferSize
)7
}
else if (!isAllChunckedTransactionsCompleted)
{

const size t transmissionOffset =

m transmitContext.computeChunkOffsetWithDma
? DmaBufferSize

* getTransitionOffset () : O;
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const size t TransmitBufferSize =
m_transmitContext.chunkedTransactionBufSize;

m_ transmitContext.chunkedTransactionBufSize = 0;

m backendImpl.sendChunk (
m transmitContext.pDataToTransmit + transmissionOffset
, TransmitBufferSize
)
}
else {
if (m_transmitContext.restoreInSpiCtx) ({
m_coroHandle.resume () ;
}

else {

CoroUtils::CoroQueueMainLoop: :GetInstance () .pushToLater (m coroHandle) ;

}

private:
std::size t getTransitionOffset () noexcept
{

return ++m_transmitContext.completedTransactionsCount;

private:
SpiBackendImpl m backendImpl;

std::coroutine handle<> m coroHandle;

struct TransactionContext
{
bool restoreInSpiCtx = false;
bool computeChunkOffsetWithDma = false;
const std::uint8 t* pDataToTransmit = nullptr;
size t fullDmaTransactionsCount = 0;
size t chunkedTransactionBufSize = 0;

size t completedTransactionsCount = 0;
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TransactionContext m transmitContext;
DmaBufferType DmaArrayTransmit;

DmaBufferType DmaArrayReceive;

A.1.5 Kimacc GC9A01Compact

template<typename TSpiBusInstance, std::uintl6 t Width, std::uintl6_t Height

class GCY9A01lCompact
public
BaseSpiDisplayCoroutine<GC9A01lCompact<TSpiBusInstance,Width, He
ight>, TSpiBusInstance,Width,Height >
{
using TBaseSpiDisplay =
BaseSpiDisplayCoroutine<
GC9A01Compact<
TSpiBusInstance,
Width,
Height
>y
TSpiBusInstance,
Width,
Height

public:

void turnOn () noexcept{}

void turnOff ()noexcept{}

void fillRectangle (
std::uintl6 t x
, std::uintl6é t vy
, std::uintl6_t width
, std::uintl6_t height
, TBaseSpiDisplay::TColor* colorToFill
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) noexcept

{

for( size t i{}; i< 2400; ++1i ){

_colorToFill[i] = O0xF800;

const std::uintl6_t DisplayHeight =

TBaseSpiDisplay:

:getHeight () ;

const std::uintl6é t DisplayWidth =

TBaseSpiDisplay:

:rgetwWidth () ;

const bool isCoordsValid{ ! ((_x >= DisplayWidth)

|| (_y >= DisplayHeight)) };

if (isCoordsValid)

{

DisplayWidth - _

DisplayHeight -

BytesSizeY;

if ( width >= DisplayWidth) width =

X7

if (_height >= DisplayHeight) _height =
_Yi

const size t BytesSizeX ((width - x + 1);

const size t BytesSizeY (_height - vy + 1);

const size t BytesSquare = BytesSizeX *

const size t TransferBufferSize = (BytesSquare

* sizeof (typename TBaseSpiDisplay::TColor));

TBaseSpiDisplay:

_height);

co_await

:m_displayInitialized;

//co_await setAddrWindow( x, _y, _width,

std::uintlé t width = width - x;
std::uintl6 t height = height - y;

Il
b

std::uintl6_t correctedX

std::uintl6_t correctedY '



uint32 t xa = ((uint32 t)correctedX << 16) |
(correctedX + width); // (_x+ width-1);

int32 t ya = ((uint32 t)correctedY << 16) |
(correctedY + height); //(_y+ height-1);

using TCommandsArray =
std::array<std::uint8 t,5>;
static TCommandsArray xAxisCommand{};
xAxisCommand[0] =
static cast<std::uint8 t>( 0Ox2a );
xAxisCommand[1l] =
static_cast<std::uint8 t>( xa >> 24 );
xAxisCommand[2] =
static_cast<std::uint8 t>( xa >> 16 );
xAxisCommand[3] =
static cast<std::uint8 t>( xa >> 8 );
xAxisCommand[4] =

static cast<std::uint8 t>( xa );

static TCommandsArray yAxisCommand{};
yAxisCommand[0] =
static_cast<std::uint8 t>( 0x2b );
yAxisCommand[1l] =
static_cast<std::uint8 t>( ya >> 24 );
yAxisCommand[2] =
static cast<std::uint8 t>( ya >> 16 );
yAxisCommand[3] =
static cast<std::uint8 t>( ya >> 8 );
yAxisCommand[4] =
static cast<std::uint8 t>( ya );

constexpr std::uint8 t CmdSize = 1;

constexpr std::uint8 t ArgSize = 4;
co_await
TBaseSpiDisplay: :sendCommandImplFast (xAxisCommand.data());

co_await
TBaseSpiDisplay: :sendChunkFast (xAxisCommand.data () +CmdSize,
ArgSize);



67

co_await
TBaseSpiDisplay: :sendCommandImplFast (yAxisCommand.data()) ;
co_await
TBaseSpiDisplay: :sendChunkFast (yAxisCommand.data () +CmdSize,
ArgSize);

static std::uint8 t RamWriteCmd{O0x2C};

co_await
TBaseSpiDisplay: :sendCommandImplFast (&RamWriteCmd) ;
//LCD_WriteCMD (GRAMWR) ;

TBaseSpiDisplay: :setDcPin () ;
co_await
TBaseSpiDisplay::sendChunkFast (reinterpret cast<const

std::uint8 t*>( colorToFill), TransferBufferSize);

TBaseSpiDisplay::resetDcPin () ;

TBaseSpiDisplay: :onRectArreaFilled.emitLater () ;
}

void initialize ()noexcept
{
initDisplay () ;

public:

void initDisplay () noexcept

{
TBaseSpiDisplay: :resetResetPin () ;
Delay::waitFor (100);
TBaseSpiDisplay: :setResetPin () ;

//static std::array Test =
std::array<std::uint8 t,



CommandsSize>{0x01,0x02,0x03,0x04,0x05,0x06,0x07,0x08,0x09, 0x0
A};

//co_await TBaseSpiDisplay::sendChunk (Test.data(),
Test.size());

size t CommandCount =
InitializationCommands: :CommandsTransactionsCount;
const std::uint8 t* pBuffer =
InitializationCommands: :Commands.data () ;
while (CommandCount-—-)
{
const std::uint8 t* Command = pBuffer++;
const std::uint8 t NumArgs = *pBuffer++;

const std::uint8 t Delay = *pBuffer++;

co_await
TBaseSpiDisplay: :sendCommandImpl (Command) ;
if (NumArgs) {
co_await
TBaseSpiDisplay: :sendChunk (pBuffer++, NumArgs):;
pBuffer += (NumArgs - 1);
}
if (Delay)
Delay::waitFor (Delay) ;
}
TBaseSpiDisplay::m displayInitialized.set();

CoroUtils::VoidTask setAddrWindow (
std::uintl6 t x
, std::uintl6é t vy
, std::uintl6_t width
, std::uintl6_t height
) noexcept
{
// TODO be careful here;

std::uintlé_t width = width - x;
std::uintl6é t height = height - y;
std::uintl6_t correctedX = x;

std::uintl6_t correctedY = y;
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uint32 t xa =
(correctedX + width);// ( x+ width-1);

int32 t ya =

((uint32_t)correctedX << 16)

((uint32 t)correctedY << 16) |
(correctedY + height); //( _y+ height-1);

static std::array xAxisCommand =

std::array{

static cast<std:

, static_cast<std:
, static_cast<std:
, static cast<std:
, static cast<std:

}i

:uint8 t>(0x2a)
:uint8_ t>(xa >>
:uint8_ t>(xa >>
:uint8 t>(xa >>

:uint8_ t>(xa)

static std::array yAxisCommand =

std::array{

static cast<std:

, static_cast<std:
, static_cast<std:
, static cast<std:
, static cast<std:

:uint8 t>(0x2b)
:uint8_ t>(ya >>
:uint8_ t>(ya >>
:uint8 t>(ya >>

:uint8_ t>(ya)

co_await CoroUtils::when all sequence (

TBaseSpiDisplay: :sendCommandFast (xAxisCommand.data (),

xAxisCommand.size ())

14

TBaseSpiDisplay: :sendCommandFast (yAxisCommand.data(),

yAxisCommand.size ())

)7

}i
}; // namespace DisplayDriver

A.1.6 Peanizamis cemmity FreeRTOS

#include <FreeRTOS.h>
#include <task.h>

#include <timers.h>

#include "SEGGER RTT.h"

#include "pcal0040.h"

24)
16)

24)
16)
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#include "boards.h"

#include "bsp.h"

#include <cstdint>

TaskHandle t seggerLoggerTaskHandle;
TaskHandle t ledBlinkTaskHandle;

const char FirstMessage [] = "Before suspending\n";
const char SecondMessage [] = "After restoring from suspended
state\n";

static void loggerTaskFunction (void * pvParameter)
{
UNUSED PARAMETER (pvParameter) ;
while (true)
{
SEGGER RTT WriteString (0, FirstMessage);
taskYIELD() ;
SEGGER _RTT WriteString (0, SecondMessage);

static void ledBlinkTaskFunction (void * pvParameter)
{
UNUSED PARAMETER (pvParameter) ;
while (true)
{
bsp board led invert(0);
taskYIELD() ;
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int main ()

{

constexpr std::uint8 t Priority = 2;
UNUSED_PARAMETER (
xTaskCreate (
loggerTaskFunction,
"LogggerTask",
configMINIMAL STACK SIZE + 200,nullptr,
&seggerLoggerTaskHandle)
)7
UNUSED_PARAMETER (
xTaskCreate (
ledBlinkTaskFunction,
"LogggerTask",
configMINIMAL STACK SIZE + 200,nullptr,
&ledBlinkTaskHandle)
)7

vTaskStartScheduler () ;
return 0;

}
A.1.7 Knacc SimpleTaskScheduler

#pragma once

#include <utils/Noncopyable.hpp>

#include "SimpleResumable.hpp"

#include <coroutine>
#include <etl/queue.h>

#include <etl/vector.h>

Priority,

Priority,



namespace TaskScheduler

{

class SimpleCooperativeNonPriorityScheduler

{

public:

void pushTask (Resumable::coro handle taskHandle)
{
m_tasksStorage.push back (taskHandle);

void runTasks ()
{
while (true) {
size t newTaskIndex = getTaskIndex();

m_tasksStorage[newTaskIndex] .resume () ;

size t getTaskIndex()
{
if (m_taskRunningIndex == m_ tasksStorage.size())
m_taskRunningIndex = 0;
return m taskRunningIndex++;
}

private:

template<typename Type, const size t StorageSize = 6>

using TStorageType = etl::vector<Type, StorageSize>;

using TTaskStorage = TStorageType<Resumable::coro_ handle>;
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TTaskStorage m_tasksStorage;

size t m taskRunningIndex = 0;

}; // namespace TaskScheduler

A.1.8 ®aiin koudirypauii FreeRTOS

* FreeRTOS Kernel V10.0.0

* Copyright (C) 2017 Amazon.com, Inc. or its affiliates. All Rights
Reserved.

*

* Permission is hereby granted, free of charge, to any person obtaining
a copy of

* this software and associated documentation files (the "Software"), to
deal in

* the Software without restriction, including without limitation the
rights to

* use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of

* the Software, and to permit persons to whom the Software is furnished
to do so,

* subject to the following conditions:

*

* The above copyright notice and this permission notice shall be
included in all

* coples or substantial portions of the Software. If you wish to use our
Amazon

* FreeRTOS name, please do so in a fair use way that does not cause
confusion.

*

* THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR

* IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS

* FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR

* COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
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WHETHER

* IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR
IN

* CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE .

*

* http://www.FreeRTOS.org

* http://aws.amazon.com/freertos

* 1 tab == spaces!

*/

#ifndef FREERTOS CONFIG H
#define FREERTOS CONFIG H

#ifdef SOFTDEVICE PRESENT
#include "nrf soc.h"

#endif

#include "app util platform.h"

/* ___________________________________________________________

* Possible configurations for system timer

*/
#define FREERTOS USE RTC 0 /**< Use real time clock for the system
*/

#define FREERTOS USE SYSTICK 1 /**< Use SysTick timer for system */

* Application specific definitions.

*

* These definitions should be adjusted for your particular hardware and

* application requirements.

*

* THESE PARAMETERS ARE DESCRIBED WITHIN THE 'CONFIGURATION' SECTION OF
THE

* FreeRTOS API DOCUMENTATION AVAILABLE ON THE FreeRTOS.org WEB SITE.

*

* See http://www.freertos.org/a00110.html.



#define configTICK SOURCE FREERTOS USE RTC

#define configUSE PREEMPTION O

#define configUSE PORT OPTIMISED TASK SELECTION 1
#define configUSE TICKLESS IDLE 1

#define configUSE TICKLESS IDLE SIMPLE DEBUG
1 /* See into vPortSuppressTicksAndSleep source code for explanation */
#define configCPU CLOCK HZ

( SystemCoreClock )

#define configTICK RATE HZ

1024

#define configMAX PRIORITIES

(3)

#define configMINIMAL STACK SIZE

(60 )

#define configTOTAL HEAP SIZE

( 4096 )

#define configMAX TASK NAME LEN

(4)

#define configUSE 16 BIT TICKS

0

#define configIDLE SHOULD YIELD

1

#define configUSE MUTEXES

1

#define configUSE RECURSIVE MUTEXES

1

#define configUSE COUNTING SEMAPHORES
1

#define configUSE_ALTERNATIVE API
0 /* Deprecated! */

#define ConfngUEUE_REGISTRY_SIZE
2

#define configUSE QUEUE SETS

0

#define configUSE TIME SLICING

0

#define configUSE_NEWLIB_ REENTRANT
0

#define ConfigENABLE_BACKWARD_COMPATIBILITY
1
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/* Hook function related definitions. */
#define configUSE IDLE HOOK

0

#define configUSE TICK HOOK

0

#define configCHECK FOR STACK OVERFLOW

0

#define configUSE_MALLOC_FAILED HOOK

0

/* Run time and task stats gathering related definitions.

#define configGENERATE RUN TIME STATS
0

#define configUSE TRACE FACILITY
0

#define configUSE STATS FORMATTING FUNCTIONS
0

/* Co-routine definitions. */

#define configUSE CO_ROUTINES
0

#define configMAX CO ROUTINE PRIORITIES
(2)

/* Software timer definitions. */
#define configUSE TIMERS 1
#define configTIMER TASK PRIORITY

(2)

#define configTIMER QUEUE LENGTH

32

#define configTIMER TASK STACK DEPTH
(80)

/* Tickless Idle configuration. */

#define configEXPECTED IDLE TIME BEFORE SLEEP
2

/* Tickless idle/low power functionality. */

*/
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/* Define to trap errors during development. */
#if defined(DEBUG NRF) || defined (DEBUG NRF USER)

#define configASSERT( x )
ASSERT (x)

#endif

/* FreeRTOS MPU specific definitions. */

#define configINCLUDE APPLICATION DEFINED PRIVILEGED FUNCTIONS
1

/* Optional functions - most linkers will remove unused functions anyway.
*/

#define INCLUDE vTaskPrioritySet

1

#define INCLUDE uxTaskPriorityGet

1

#define INCLUDE vTaskDelete

1

#define INCLUDE vTaskSuspend

1

#define INCLUDE xResumeFromISR

1

#define INCLUDE vTaskDelayUntil

1

#define INCLUDE vTaskDelay

1

#define INCLUDE xTaskGetSchedulerState

1

#define INCLUDE xTaskGetCurrentTaskHandle

1

#define INCLUDE uxTaskGetStackHighWaterMark
1

#define INCLUDE xTaskGetIdleTaskHandle

1

#define INCLUDE xTimerGetTimerDaemonTaskHandle
1

#define INCLUDE pcTaskGetTaskName

1

#define INCLUDE eTaskGetState

1
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#define INCLUDE xEventGroupSetBitFromISR
1

#define INCLUDE xTimerPendFunctionCall
1

/* The lowest interrupt priority that can be used in a call to a "set
priority"
function. */

#define configLIBRARY LOWEST INTERRUPT PRIORITY Oxf

/* The highest interrupt priority that can be used by any interrupt
service

routine that makes calls to interrupt safe FreeRTOS API functions. DO
NOT CALL

INTERRUPT SAFE FREERTOS API FUNCTIONS FROM ANY INTERRUPT THAT HAS A
HIGHER

PRIORITY THAN THIS! (higher priorities are lower numeric values. */

#define configLIBRARY MAX SYSCALL INTERRUPT PRIORITY _PRIO APP HIGH
/* Interrupt priorities used by the kernel port layer itself. These are
generic

to all Cortex-M ports, and do not rely on any particular library
functions. */

#define configKERNEL INTERRUPT PRIORITY
configLIBRARY LOWEST INTERRUPT PRIORITY

/* Pt configMAX SYSCALL INTERRUPT PRIORITY must not be set to zero !!!!
See http://www.FreeRTOS.org/RTOS-Cortex-M3-M4.html. */

#define configMAX SYSCALL INTERRUPT PRIORITY
configLIBRARY MAX SYSCALL INTERRUPT PRIORITY

/* Definitions that map the FreeRTOS port interrupt handlers to their
CMSIS

standard names - or at least those used in the unmodified vector table.

*/

#define vPortSVCHandler
SVC Handler

#define xPortPendSVHandler
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PendSV_Handler

* Settings that are generated automatically

* basing on the settings above

*/
#if (configTICK SOURCE == FREERTOS USE SYSTICK)
// do not define configSYSTICK CLOCK HZ for SysTick to be configured
automatically
// to CPU clock source
#define xPortSysTickHandler SysTick Handler
#elif (configTICK SOURCE == FREERTOS USE RTC)
#define configSYSTICK CLOCK HZ ( 32768UL )
#define xPortSysTickHandler RTC1 IRQHandler
#telse
#error Unsupported configTICK SOURCE value
#endif

/* Code below should be only used by the compiler, and not the assembler.
*/
#if ! (defined(_ ASSEMBLY ) || defined(_ ASSEMBLER ))

#include "nrf.h"

#include "nrf assert.h"

/* This part of definitions may be problematic in assembly - it uses
definitions from files that are not assembly compatible. */
/* Cortex-M specific definitions. */
#ifdef  NVIC PRIO BITS
/* _ BVIC PRIO BITS will be specified when CMSIS is being used.
*/
#define configPRIO BITS __NVIC_PRIO BITS
#telse
#error "This port requires  NVIC PRIO BITS to be defined"
#endif

/* Access to current system core clock is required only if we are
ticking the system by systimer */
#if (configTICK SOURCE == FREERTOS USE SYSTICK)

#include <stdint.h>
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extern uint32 t SystemCoreClock;
#endif

#fendif /* l'assembler */

/** Implementation note: Use this with caution and set this to 1 ONLY

for debugging

* Set the value of configUSE DISABLE TICK AUTO CORRECTION DEBUG to
below for enabling or disabling RTOS tick auto correction:

* 0. This is default. If the RTC tick interrupt is masked for more
than 1 tick by higher priority interrupts, then most likely

* one or more RTC ticks are lost. The tick interrupt inside RTOS
will detect this and make a correction needed. This is needed

* for the RTOS internal timers to be more accurate.

* 1. The auto correction for RTOS tick is disabled even though few
RTC tick interrupts were lost. This feature is desirable when debugging

* the RTOS application and stepping though the code. After
stepping when the application is continued in debug mode, the auto-
corrections of

* RTOS tick might cause asserts. Setting
configUSE DISABLE TICK AUTO CORRECTION DEBUG to 1 will make RTC and RTOS
go out of sync but could be

* convenient for debugging.
*/
#define configUSE DISABLE TICK AUTO CORRECTION DEBUG 0

#endif /* FREERTOS CONFIG H */
A.1.9 Peanizais SpiDriverTest

#pragma once

#include <gtest/gtest.h>

#include <spi/spi wrapper async_ templated.hpp>
#include <backends/spi backend desktop.hpp>

#include "spi fake backend.hpp"

#include <vector>
#include <string>

#include <tuple>
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class SpiDriverTest

public ::testing::Test
, public
::testing::WithParamInterface<std::tuple<std
>>
{
public:

using TTestDriver

Interface::SpiTemplated: :SpiBus<Testing: :Spi::SpiBusBackendStub>;

protected:

void SetUp ()override
{
}

struct StubAwaiter

{

bool restoreInSpiCtx false;
const std::uint8 t* pTransmitBuffer;
SpiDriverTest* pThis;

std::uintl6_t bufferSize;

bool await ready ()

{

const noexcept

const bool isAwaitReady
0;

bufferSize ==

return isAwaitReady;
}
void await resume ()

{

const noexcept

pTransmitBuffer

::uintl6 _t,std::string view

nullptr ||
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}
void await suspend(std::coroutine handle<> thisCoroutine) const
{
pThis->testSpiDriver.transmitBuffer (
pTransmitBuffer
, bufferSize
, thisCoroutine.address ()

, restoreInSpiCtx

auto sendChunk (
const std::uint8 t* pBuffer
, std::size t bufferSize
) noexcept
{
return StubAwaiter
{
.restoreInSpiCtx = true
’ .pTransmitBuffer = pBuffer
, .pThis = this

’ .bufferSize = static cast<std::uintl6_ t>( bufferSize)

using TDataStream = std::vector<std::byte>;
TDataStream TransactionsToDataStream()
{
return testSpiDriver.getBackendImpl () .getTransmittedData() ;

protected:
TTestDriver testSpiDriver;
}i
A.1.10 Peamizamis SpiBusBackendStub

#pragma once



#include <vector>
#include <functional>
#include <queue>

#include <span>

namespace Testing::Spi

{

class SpiBusBackendStub
{

public:

void sendChunk (
const std::uint8 t* pBuffer
, const size t bufferSize
) noexcept
{
BusTransactions.emplace back( pBuffer, bufferSize);

m_completedTransaction();

public:

using TTransactionCompletedHandler = std::function<void()>;

void setTransactionCompletedHandler (TTransactionCompletedHandleré&é&
_handler)

{

m_completedTransaction = std::move( handler);

size t getTransactionsSize ()const

{

return BusTransactions.size();
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using TDataStream = std::vector<std::byte>;
TDataStream getTransmittedData () const
{
TDataStream stream;
std::for each(
BusTransactions.cbegin (),
BusTransactions.cend(),
[&stream] (const auto& transaction)
{
const auto& [pArray, blockSize] = transaction;

auto arraySpan = std::span{ pArray,blockSize };

std::transform/(
arraySpan.begin (),
arraySpan.end(),
std::back inserter (stream),
[] (std::uint8 t dataByte) {
return std::byte{ _dataByte };

)7

return stream;

protected:

using TTransacation = std::pair<const std::uint8 t*, size t>;

std::vector<TTransacation> BusTransactions;

private:

TTransactionCompletedHandler m completedTransaction;

}i

} // namespace Testing::Spi

A.1.11 Peamizanis tectiB SPI-inTepdeiicy

#include <gmock/gmock.h>

#include <gtest/gtest.h>

#include <random>
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#include "spi driver fixture.hpp"

constexpr inline std::uintl6é t Null = 0;

constexpr inline std::uintl6 t SmallerThanSingleDmaTransaction =
SpiDriverTest::TTestDriver: :DmaBufferSize - 2;

constexpr inline std::uintl6 t EqualsToSingleDmaTransaction =
SpiDriverTest::TTestDriver: :DmaBufferSize;

constexpr inline std::uintl6_t ThreeDmaTransactions =
EqualsToSingleDmaTransaction * 3;

constexpr inline std::uintl6é_t SingleDmaAndChunk =
EqualsToSingleDmaTransaction + SmallerThanSingleDmaTransaction;
constexpr inline std::uintl6 t ThreeDmaAndChunk =

ThreeDmaTransactions + SmallerThanSingleDmaTransaction;

constexpr inline std::uintl6 t StressChunked =

ThreeDmaTransactions*10 + SmallerThanSingleDmaTransaction;

TEST F(SpiDriverTest, ExpectAnyTransmissionOccured)

{
static constexpr std::byte DataBlock{ 223 };
static const TDataStream ExpectedStream{ DataBlock };

co _await sendChunk (reinterpret cast<const

std::uint8 t*>(ExpectedStream.data()), ExpectedStream.size());

constexpr size t TransactionsCount = 1;

EXPECT EQ (testSpiDriver.getBackendImpl () .getTransactionsSize(),

TransactionsCount) ;

EXPECT EQ(TransactionsToDataStream(), ExpectedStream);

TEST P(SpiDriverTest,

CheckRandomSequenceWithLengthTransmissionCorrect)

{



const std::uintlé6 t
TransactionLength{ std::get<0>(GetParam()) };

TDataStream ExpectedStream{ TransactionLength };

std::random device randomDevice;
std::mt19937 generator (randomDevice()) ;
std::uniform int distribution<> distribution (0x00, OxFF);
std: :generate (
ExpectedStream.begin(),
ExpectedStream.end (),
[&distribution, generator] ()mutable { return
std: :byte(distribution (generator)); }
)i

co_await sendChunk(reinterpret cast<const
std::uint8 t*>(ExpectedStream.data()), ExpectedStream.size());
EXPECT EQ(TransactionsToDataStream(), ExpectedStream);

INSTANTIATE TEST SUITE P (
SpiDriverTesting,
SpiDriverTest,
::testing::Values (

std: :make tuple( Null, "Null" ),

std::make tuple( SmallerThanSingleDmaTransaction ,"SmallerThanSi

ngleDmaTransaction"),

std::make tuple( EqualsToSingleDmaTransaction ,"EqualsToSingleDm

aTransaction"),

std::make tuple( ThreeDmaTransactions, "ThreeDmaTransactions"),

std::make tuple( SingleDmaAndChunk ,"SingleDmaAndChunk"),

std: :make tuple( ThreeDmaAndChunk ,"ThreeDmaAndChunk"),
std::make tuple( StressChunked, "StressChunked")
)

[] (const auto& testParam)
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const auto& suiteName =
std::get<l>(testParam.param) ;

return std::string(suiteName.data());

)
A.1.12 Peanizauis SpiBusDesktopBackend

#pragma once

#include <iostream>
#include <array>
#include <chrono>
#include <thread>
#include <cstdint>
#include <vector>
#include <queue>
#include <atomic>
#include <functional>
#include <mutex>

#include <condition variable>

#include <utils/MetaUtils.hpp>

#define USE_THREADING ASYNC BACKEND

namespace Interface::SpiTemplated

{

class SpiBusDesktopBackend
{

public:
SpiBusDesktopBackend ()
m newDataArrived{ false }
, m _pDataBuffer{ nullptr }

, m bufferTransmitSize({}
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, m_processSpiTransactions{true}
{
#ifdef USE_THREADING_ASYNC_BACKEND

m dmaThread = std::make unique<std::thread>(
[this]
{
while (m_processSpiTransactions)
{
if (m_newDataArrived)
{
using namespace std::chrono literals;

//std::this thread::sleep for (1500ms);

std::cout << "TRANSMIT SOME DATA:" << ' ';

r

for (size t i{}; i < m bufferTransmitSize; +
+1)

std::cout << std::hex <<
static_cast<std::intl6_ t>(m pDataBuffer[i]) << ' ';

}

std::cout << std::endl;

m newDataArrived.store (false);

m_transactionCompleted();

)7
#endif // USE_THREADING ASYNC BACKEND
}

~SpiBusDesktopBackend ()

{
m processSpiTransactions.store (false);
m_dmaThread->detach () ;

m_dmaThread.reset () ;
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public:

void sendChunk (
const std::uint8 t* pBuffer
, const size t bufferSize
) noexcept
{
m bufferTransmitSize.store( bufferSize );
m_pDataBuffer.store( pBuffer );

m newDataArrived.store( true, std::memory order release );

#ifndef USE THREADING ASYNC BACKEND
std::cout << "TRANSMIT SOME DATA:" << ' ';

for ( size t i{}; 1 < m bufferTransmitSize; ++i )
{
std::cout << std::hex

<< static cast<std::intl6 t>( m pDataBuffer[i] )

<< ! l,
}
std::cout << std::endl;
m newDataArrived.store( false );
m_transactionCompleted();
#endif

}

using TTransactionCompletedHandler = std::function<void()>;

void setTransactionCompletedHandler (TTransactionCompletedHandleré&é&
_handler)

{

m transactionCompleted = std::move( handler);

private:
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std::atomic _bool m newDataArrived;
std::atomic_bool m processSpiTransactions;
std::atomic<const std::uint8 t*> m pDataBuffer;

std::atomic<size t> m bufferTransmitSize;

std::unique ptr<std::thread> m dmaThread;

TTransactionCompletedHandler m transactionCompleted;

A.1.13 Ckpnut 30upaHHs Ta IPOLIMBKH JT0AATKY:

CkpunT JOCTYNHUH 3a MOCUIaHHIM Ha github mpoekry:
https://github.com/ValentiWorkLearning/GradWork/blob/dev/coro
utine/Firmware/CMakeLists.txt
A.1.14 Peanizanis cepBicy JOTyBaHHS JaHUX:

#include "inc/logger/logger service.hpp"

#include "utils/CallbackConnector.hpp"

#include <atomic>

#include <type traits>

#i1if defined(LoggerUart)
#include "nrf.h"
#include "boards.h"
#include "app uart.h"
#include "app error.h"
#include "bsp.h"

#elif defined(LoggerSwo)
#include "nrf.h"
#include "boards.h"
#include "app uart.h"
#include "app error.h"
#include "bsp.h"

#elif defined (LoggerSegger)
#include "SEGGER RTT.h"

#elif defined (LoggerDesktop)
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#include <cstdio>
#if defined USE _MSVC_ DEBUG OUT
#include <Windows.h>

#endif

#endif

namespace

{

std::string view CaretReset = "\r\n";

#if defined (LoggerUart)

class Logger::LoggerImpl
{

public:

LoggerImpl () noexcept
{

initLogInterface();

void logString( std::string view toLog )
const noexcept

{

for( const auto ch : tolLog )

app_uart put( static cast<std::uint8 t>( ch )
)

private:
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void initLogInterface () noexcept

{
std::uint32 t errorCode{};

const app uart comm params t

appUartParams =
{
RX_PIN NUMBER
,  TX_PIN NUMBER
,  RTS_PIN NUMBER
’ CTS_ PIN NUMBER
,  APP UART FLOW CONTROL DISABLED

, false

14

UART BAUDRATE BAUDRATE Baudl15200
}i

auto uartEventCallback =

cbc::obtain connector (

[ this ]1( app_uart evt t * pEvent

return

uartEventHandler ( pEvent );
}
) ;

APP UART FIFO INIT (
&appUartParams
, RxSize
, TxSize
’ uartEventCallback
,  APP_IRQ PRIORITY LOWEST

, errorCode

APP ERROR CHECK ( errorCode );



private:

static constexpr std::uintl6 t TxSize =
256; /**< UART TX buffer size. */

static constexpr std::uintl6 t RxSize
TxSize; /**< UART RX buffer size. */

static constexpr std::uint8 t
TestDataBytes = 15; /**< max number of test

bytes to be used for tx and rx. */

void uartEventHandler (app uart evt t *
_pEvent)noexcept
{
if ( _pEvent->evt type ==
APP UART COMMUNICATION ERROR)
{
APP ERROR HANDLER( pEvent-

>data.error_ communication );

}
else if ( pEvent->evt type ==
APP UART FIFO ERROR )

{
APP _ERROR HANDLER( pEvent-

>data.error_code );

}

}s
#endif

#if defined (LoggerSwo)
class Logger::LoggerImpl
{

public:

LoggerImpl () noexcept
{

initLogInterface();
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public:

void logString( std::string view tolLog )
const noexcept
{
for( const auto ch : tolLog )

ITM SendChar( ch );

private:
void initLogInterface () noexcept
{
NRF CLOCK->TRACECONFIG =
( NRF_CLOCK->TRACECONFIG &
~CLOCK_TRACECONFIG TRACEPORTSPEED Msk )
|
( CLOCK _TRACECONFIG TRACEPORTSPEED 4MHz <<
CLOCK_TRACECONFIG TRACEPORTSPEED Pos );

ITM->TCR |= 1;
ITM->TER |= 1;
}i

#endif

#i1if defined (LoggerSegger)
class Logger::LoggerImpl
{

public:

void logString( std::string view tolLog )
const noexcept
{
SEGGER _RTT WriteString( O,
_tolog.data() );
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}i
#endif

#1if defined (LoggerDesktop)
class Logger::LoggerImpl
{

public:
void logString(std::string view toLog)
const noexcept
{
printf (_toLog.data());
#if defined USE_MSVC_DEBUG_OUT
OutputDebugString( tolLog.data());
#endif
}
bi
#endif

Logger: :Logger () noexcept = default;

Logger: :~Logger () = default;

Loggeré& Logger::Instance ()noexcept
{
static Logger intance;

return intance;

void Logger::logDebugEndl ( std::string view
_toLog )noexcept
{
m pLoggerImpl->logString( _toLog );
m_pLoggerImpl-
>logString( CaretReset );
}
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void Logger::logDebug( std::string view tolLog
) noexcept

{

m pLoggerImpl->logString( toLog );
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Abstract

According to the growing complexity of tasks, which embedded systems should
solve, there arises a need to use Real-Time Operation Systems (RTOS). However,
RTOS usage and imple- mentation require a set of restrictions for a system,
especially on the memory usage and time delays occurrence. The available
implementations of coroutines neither cross-platform solutions nor accessible
without a third-party library. The article proposes a model of cross- platform
coroutine usage from C 20 for embedded systems programming and lightweight
cooperative multitasking implementation. The proposed model contains the
improved mini- mal scheduler without priorities mechanism and tasks
descriptors. The model of coroutines usage for resource-constrained systems is
developed. The task inside the model is presented as a coroutine, which can
communicate with available coroutines, call them, or be suspended. Also, the
minimal primitives of coroutines usage for cooperative multitasking, architec-
ture decisions, and non-blocking data transmission were implemented. For the
experimental research, the following list of program components was implemented
in the proposed model: cooperative coroutines scheduler, tasks for data
transmission, and awaitable type prototypes. The testing and analysis were
completed on the chosen microcontroller (MCU). The perspec- tive of coroutines
usage on resource-constrained systems was shown in the research based on
obtained results of FLASH and RAM consumption.
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YK 681.326

O A rPAG®IYHUX BIBJIOTEK JJIAA BBY1OBAHUX IIVIAT®OPM
QUIIIIIEHKO 1.B., KOPHIEHKO B.P., KVJIIAK ' K.

HaBoauThbCs Oryisi iCHYIOUMX Ha TMOTOYHHN MOMEHT rpadivuHux 0i0miorex /i BOYJIOBaHHUX CHUCTEM JISI CTBO-
perns nareneir HMI Ta nmpunaniB HOCUMOI eeKTPOHIKH. Po3risinaroTbes OCHOBHI eTany, siki HeoOXimHi 1y ajar-
Taril ofHiei 3 icHyrounx 6i0moTek Ha mporecop Nordic. HaBegeno Bumoru no pecypciB cucremu (O3I1, 1311,
pizHOBuaaM iHTepdeiiciB, MO HasBHI Ha KOHKPETHIH muar¢opmi) Ul NMPOSKTYBaHHS BOYHOBaHUX CHCTEM 3
BUKOPHCTaHHAM rpadidHuX MpUCTpoiB. BuBuatoThes ocobmmBocti SDK mist o1HOTO 3 MpOmECOpHUX BEHIOPIB Ta
pillieHb, 0 HEOOXIAHO peaizyBaTH Ul 3alycKy 0i0Ii0TeKH.

KurouoBi ciioBa: rpadiuna 6ibmioreka, BOymoBaHa cH- cTeMa, iHTepdericn 0OMiHy JaHUMH, cltocoOu opraHizartii
00MiHy, IPOLIECOPHUI BEHIOP, TUCILICHHI MOIYII.

Key words: graphical library, embedded system, data transfer interface, data transferring organization, processors
vendor, display modules.

1. Beryn
OpauM 3 eTamiB MPOEKTYBaHHS BOYJOBAaHOI CHCTEMH € CTBOPEHHS TpadidHOTO
iHTepdeiicy. OcobmuBO BaXJIMBUM 1€ € s oOmacti mpoekTyBaHHs HMI-
npuctpoiB (Human-Machine Interface). 3 po3noBcrojkeHHSIM Ha pPUHKY 32-
OiTHHX mpoIe- copiB Ha 0a3i simpa ARM 3pocrtae TeHACHINS M0 AO0- NaBaHHS
rpadigHoro iHTepdeiicy Ta CTBOPEHHS HO- TO OJU3BKUM 3a BUTJISAIOM JO BXKE
ICHYIOUMX CTaH- JapTiB nu3aiiHy Material.
3MIHIOIOTHCS TEHACHIIIT B 001acTi ma0opy LUIbOBO- IO MIKPOKOHTPOJIEPA, SIKUN
Oyne BukopuctaHo y mnpuctpoi. IloctynoBo no mnepudepii y NporecopHUX
BeH/0piB, Takux sk STMicroelectronics, Nordic Semiconductor, Texas
Instruments, Infineon, moma- ¥OThCS MPOCYHYTI MOAYJNi poOOTH 3 TaM’STTIO,
rpadigHi TPUCKOPIOBaYI.
3 MeTor0 3a0e3MeveHHs TPUBajIoi aBTOHOMHOI po0o- TH CHCTeMHU (3a3BHUYail 1ie
CTOCYEThCSA TIPUCTPOIB HOCHUMOI EJIEKTPOHIKH) BHUKOPHUCTOBYIOTH MPOCYHYTI
PEXKUMHU E€HEPTrOCIOXKMBAHHS Ta WOro MmpoQuItoBaH- Hi. Y BHUIAJKY HAasSBHOCTI
rpagiyHOl CKJIAJOBOI y CHCTEMI MOTPIOHO 3a0e3MeUYUTH KOPEKTHICTh 1H-
dopmarrii, MO AOCTyNMHA Ha JUCIUIE MiJ 4ac poOOTH y PEeXUMI 3HHKEHOTO
CHEepProCIOKUBAHHS.
bepyuu no yBaru mocriiiHe BIOCKOHAJICHHS Ta ICHYIOUYHH PI3HOBHJI JUCIIICHHHUX
iHTepdeiiciB, HEOOXiJHO BpaxOBYBaTH MOXKJIUBOCTI 010mioTekn 3  OOKy
BUBEJICHHS 300pakKeHHsI, TOMY 1[0 1HOJ1 MO- TPiOHA SIKICTh 300paKCHHs HE MOXKeE

OyTH JoCATHYTa Yepe3 0COOIMBOCTI KOHKPETHOTO 1HTEpdEHCy.
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2 IcuHyroui inTepdeiicu 00MiHY 3 TUCIVIEHHUMH MOTYJISIMH
3a TUIoM oOMiHy MK KOHTPOJIEpPOM Ta mepudepiii- HUM AUCTUICHHUM MOJIyJIeM

1HTEpQeiicu NOoAUIAIOTh Ha MOCTIJOBHI Ta MapaneibHi. Y BUNAAKY 1HTEp- (eiiciB
3 BHCOKOIO IIBHUIKICTIO Ciif BiamiTutu ma- panenbHi FSMC ta LTDC [1].
PosrasitHemo neski 3 HUX.

SPI (Serial Peripheral Interface) — oauH 3 HaAWUBIIOMIIMX 1 UIMPOKO
BUKOPUCTOBYBAaHUX Ha JaHWW dYac 1HTep(eiciB 3B'SI3Ky MK PI3HUMH MIiKpO-
CXeMaMH B EJIEKTPOHHHX MPHUCTPOSX. MOro OCHOB- HHMMH IepeBaraMm e
MPOCTOTA, HEBEJMKAa KUIBKICTh CHUTHAJIBHUX JIHIA (y OaraThoX BHUIAJKaX
JIOCTAaTHBO JIUIIIE TPHOX JIiHII), JOCTATHS MPOCTOTA peaiizaiii APyKOBaHOI IJIaTH
pu po3poOLii MPUCTPOIO.

KitouoBoro BinMinHicTIO SPI Bij nmapasienbHux iH- TepdeiciB € Te, 110 BiH Mae
BChOT'O OJHY JIIHIIO Tle- pefayl JIaHWX, Ta IIBUIKICTH IMepeadl 4yacTo He Iie-
peBuirye 20 MOIT/c, 0 3HaYHO OOMEXYy€ MPOMYCK- HY 3/IaTHICTh, & OTXKE 1
MaKCHUMaJIbHHI po3Mip Kepo- BaHOTO auctuies. [{e poOuTh mpakTHYHO HEMOKITH-
BUM CTBOPEHHS CKJIAQJHUX AMHAMIYHUX 300pakeHb. KpiMm TOro, ympaBiiHHS
JUCIUIEEM B110YBa€eThCA 32 JOMOMOIOKO MOCTIMHOIO NMEPECUIIAHHS KOMAaHI, a 1€
3MYIIy€E SIAPO KOHTPOJEpa BHUKOHYBATH O€3JIid 3aif- BUX 3a7ad, IO ITiIBUIIYE
H0ro 3aBaHTaXEHHs 1 po- 00Ta 3 300pAKEHHSIM BUSBISETHCS HEEPEKTUBHOIO. Y
nporecopiB Big BeHuopa Espressif (cimeiictBo ESP32) nHapasi gocrtymnHi
nporecopu 3 MmoayiisiMu SPI, o mpairoroTh Ha yactoTi A0 60 MI'n. ¥V Bumaaky
crapmux cimeiicte STM32H7 nocrynHa pobota 3 mmHamu SPI Ha mBUIKOCTI
o 120MI'm. Cnig 3ayBaKuTu, IO AWCIUICHHI KOHTPOJEpU 3a3BU- 4Yai
HIATPUMYIOTH po6oTy 3 mrHOo SPI Ha yactoTi He Bume SOMI 1.

FSMC (Flexible Static Memory Controller) — koH- TpoJiep 30BHIIIHBOI MaM'sTi,
KU J103BoJIse B3aemoiaTu 3 TFT-mucnnesmu, 3a0e3nedueHnMu iHTepdeiicamu
Motorola 6800 1 Intel 8080. Ilpu mneBHux ymoBax FSMC wmoxe
BUKOpucTOBYBaTucs st podotu 3 TFT-mucmesmu 3 RGB-inTepdeiicom.
LTDC (LCD-TFT Display Controller) — cnemiamizoBanuit TFT-koHTpomep,

akuid  go3Bossie  mpamoBatd 3 TFT-gucruiesmu 3 RGB-iaTepdericom.
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[TocnimoBuuii iHTEpdeiic, mo HaOyBa€e MOMyJISApP- HOCTI y MPOIECOPIB CTAPIIUX
cimerictB 3 simpom ARM, — MIPI DSI (Display Serial Interface crnenudikarris
Mobile Industry Processor Interface), sikuii € cnenianizoBanuM iHTEphErcoM is
po6otu 3 TFT-mucmmesmu, 3 MIPI-DSI [2].

L1 inTepdeiicu OCTyHI JUIIE HA OCTAHHIX CIMEH- CTBAaX MPOIIECOPIB, TAKUX 5K
STM32L4, STM32H7, STM32F7. Ha Ounbll pO3NOBCIOKEHUX MOJEIAX
3a3BuYail € y HasBHOcTi iHTep(deiicu SPI ta 12C, B okpemMux BuUIaAKaX —
inTepdeiic LTDC.

VY OUIBIIOCTI BUIAJKIB BHYTPIIMIHBOI MaM'ATi MIKPO- KOHTpPOJIEpAa HE BHUCTAYaAE
Ut 30epiraHHs rpagiyHuX 300pa’KeHb 1 PO3MILIEHHSI €KpaHHOI mam'aTi. 3 M€l
OpUYUHKA JyXe 4acTo motpiOHa 3oBHImHS Flash- mam’ste, abo O3Il. s

MIKIIOYEHHS 30BHIIIHBOL
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JIOJIATOK B

MOJEJ1b BUKOPUCTAHHA COMPOIPAM MNPU
NMPOrPAMYBAHHI BBYAJOBAHUX CUCTEM

BukoHae: KepiBHuk:
cTyaenT rpynin CKCm-20-1 aou. kacp. ANOT
KopHieHko BaneHTuH dininnexko 1.B.
Pycnavosmy

XApKIBCEKMA HALICHANGHUR YHIBEPEHTET PARIOENERTROHEM, XapKis, Yepaiia,
2021p

3MicT

TeHgeHuii po3suTky BOYyOOBaHNX CUCTEM >
AKTyaneHicTe npobnemn acMHXPOHHOI B3aEMOojii KOMMOHEHTIB
Ornag ebynosanux OCPB

IcHyo4i MeTOaW acUHXPOHHOT B3aemogii ®
ConporpamHa Mmogesnk B3aeMogail KOMNOHEHTIB N 0 R D I C
MiaTpymMka y cy4acHux komninaropax

Peanisauin SEM'CONDUCTOR
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KopHieHko BP, cT, rp. CKCm-20-1, kad. ANOT, XHYPE, 2021 2
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AKTyanbHiCTb Npo6nemMu

HonaBaHHs nepyepinHnX KOMNOHEHTIB, LLO NpauooTh 3a moaenbio fire-and-forget
HeobxinHicTe gogasadHs OCPB Ta/abo POSIX-peanizauiit setcontext/makecontext/swapcontext
HeobxigHicTs iHTerpauii 3 icHyo4MmMKn KOMMOHEeHTaMK NporpamHoro 3abesnevyeHHn

iHBazMBHI Nigxoan Ao 36epexeHHs KOHTEKCTY cborogHi(std::future/std::promise, teleports, reactive
Cpp, ProtoThreads)

Koprierko BP, cT, rp. CKCm-20-1, kad. ANOT, XHYPE, 2021

TeHpeHUil po3BUTKY B6YAOBaHUX CUCTEM

®  [OMiHylOua apxiTekTypa npouecopie AnsA BOynoBaHux
cuctem-ARM
e niaTpumka Realtime-Bignagkun UiNboBOro NPUCTPOIO
(JLink-RTT/OpenOCD/BlackMagicProbe)
HeoBxigHicTe kpoc-nnathopmeHoT poboTn NPoeKTY
3pocTakya oBYnCnioBansHa NOTYKHICTE->3poCTaKun
MOXNMBOCTI pO3ropTaHHs BisHec-noriku: LV‘ ; L
[ rpadivHi BibnioTekm(Qt/LVGL/TouchGFX)
npoTokonu 38'asky(MQTT/BLE/LoraWAN/ZigBEE)
MotorControl piwenys 3 HWPWM(Hardware PWM)

noTy:Hi iHTepdeiicy komyHikauiil MIPI/LTDC/CAN/USB)

KopHieHko BP, cT. rp. CKCm-20-1, kad. ANOT, XHYPE, 2021 4
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XapakTepucTuka po6oTu

e  AKTyanbHICTb - CTBOPEHHSA Ta 3anpoBaKeHHA eeKTUBHUX CTRYKTYD 30epeeHHs Ta
BiATBOPEHHS KOHTEKCTY BUKoHaHHA 6es BukopuctanHa OCPB ans B6ynosaqmux cuctem.
e MeTa gocnig#eHHs- po3pobka conporpamHux NpUMITUBIB B3aemogii, WO HAOaTe MOXNIMBOCTI
FHYYKOro KoonepaTMBHOIo NNaHyBaHHA 3aaady y pamkax NpoLUMBKV NPUCTPOIO.
e 3apadi focnimKeHHn
[« AHania meTofis 3abeaneyeHHs Gararoaa,qawocﬁ Y CyHaCHWX piLIJEHHﬂX
a Poapofka komnoHeHTiB cuHxpoHisaLil
s] Bepwudikauis npauesgartHocTi po3pobneHnx KOMNoOHEHTIB

KoprieHko B.P, 1. rp. CKCM-20-1, kad. ANOT, XHYPE, 2021

Ornap B6ynoBaHux OCPB

3 cy4acHWx pilleHs cnig BUAiNATA:

FreeRTOS - gominytoua OC ans sBynoBaHux pilleHs

ChibiOS - komnakTHa Ta LWBKAKAa onepaliiiHa cUcTeMa pearnsHoro Yacy 3 niuewsiero GPL3
KeilRTX - OC a BigkpuTuM kogom, poapotnena nig apxitektypu ARM 1a ARM-Cortex-M
managarm- OC 3 BigkpuTM KOAOM Ta acnHXpoHHUM |/O 3 POSIX-cymicHum API

KopHieHko B.P, cT. rp. CKCm-20-1, kad. ANOT, XHYPE, 2021
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IcHytoui MeToan aCUHXPOHHOI B3aeMogii

54 Bﬁy.uoaamx cucTemax CborofHi BU3Ha4yaeTbCA dekinLka BDXiTeKTyDHHX narepHie oo NPOEKTYBaHHA:

e Mogens "cynepuukny”

e popnasaHHa y npoekt OCPB 3 BukopucTaHHaM po3buTTsa ccTemu Ha 3anadi( y Bunaggy
euTicHAKYOT OC 3'ABNSATLCA 000aTKOBI KOLTW Ha CUHPOHI3aLio)

e  HanucaHHs task scheduler nig koHkpeTHy cuctemy Ta poboTa y pexumi bare-metal

KopHierko B.P, cT. rp. CKCm-20-1, kad. ANOT, XHYPE, 2021

Heponiku icHyl0UMX KOMMOHEHTIB

e  HagmipHi KOWTK ¥ BUKOPWUCTaHHI NnpumiTueis OC

o TsKKICTE ¥ NiOTPUMUI NPOEKTY, WO Npauoe y pexxumi bare-metal npw HeoBxigHOCTI poawmpeHHs
hyHKLioHany

s  HanwcaxHs BnacHoro task scheduler aaasnyai nepexognTe ¥ BUKOPUCTaHHA iCHYHY0Mo BapiaHTy
OCPB ans e6yposaHoi cucTEMK

KopHieHko B.P, cT. rp. CKCm-20-1, kad. ANOT, XHYPE, 2021
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ConporpaMHa Moaesnb B3aeMoaii

e [locranie dyHKUIT, WO BUKOHYETLCA 00OAETLCA MOXMBICTE NEpeBecT (DYHKUII Y cTaH
Suspended(npuaynuHeHa)

* Tunoei 3apadi y BEyOOBaAHWMX CMCTEMAEX MICTATL (ha3n OTPUMAaHHS, nepeaadyi Ta obpobku
iHdbopmauil, Wo 3a3euyan noTpebyroTe 3DepexeHHA KOHTEKCTY Mix daszamu nepenadi Ta
BMKOHAHHA 3aaaui. 1 — 1

KopHieHko BP, cT. rp. CKCm-20-1, kad. ANOT, XHYPE, 2021

NRF52832, FreeRTOS

3 BukopuctaHHam FreeRTOS, Hebnokyrode nepeknioyeHHs crady ceitnogiona

xTaskCreate(ledBlinkTask, "ledBlinkTask®, 728, NULL, 2, NULL): a mazon

void ledBlinkTask(void* pvParameters) {

while (true) { m.
vTaskDelay (388 / portTICK_PERIOD_MS); =
L

bsp_board_led_invert(8);

13 KopHierko B.P, cT. rp. CKCm-20-1, kad. ANOT, XHYPE, 2021

NRF52832, C++20 Coroutines:

void Board::ledToggle() {

using namespace std::chrono_literals;

while (true) {

C++11 C++14 C++17 C++20

co_await 30@ms;

LOG_DEBUG_ENDL( "LED TIMER EXPIRED");
[rr—
Memary motel

[ = pame T et peinians
st e astanseans

bamers

bsp_board_led_invert(8); G "
Transactioeal v
Ttsactins ey

KopHleHka B.P, cT. rp. CKCM-20-1, kad: ANOT, XHYPE, 2021
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NMoBHUIN KOHTPOb HAA cepenoBULLIEM
BUKOHaHHA

void await_suspend{std::coroutine_handle<> _coroLedHandle) {
ret_code_t errarCode{}

errorCode =

app.timer_start(m_ledDriverTimer, APP_TIMER_TICKS{m_duratien.count()),
_corolLedHandle. address{)};

APP_ERROR_CHECK(errorCode) ; }

void await_resume() { app_timer_stop(m_ledDriverTimer); }

KopHieHko B.P, cT, rp. CKCm-20-1, kad. ANOT, XHYPE, 2021

12
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—
s
Mopenb B3aemMogaii conporpam
resume
v
awart calied
" resume
Corouting Coroutme.
le—— mwait cated Task
I R |7 |
CO_wai @ipression Coroutng
Task
1 A e When All Corouting CO_Nwall @XDression J
Coroutme
Tasx
©o_awalt expression
KopHienko B.P. cT rp. CKCM-20-1, kad. AMNOT, XHYPE, 2021 13
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CraHu conporpamu gnd 3agadi nepeanaydl gaHux
Schaduler O
SP1 Transacuon
LT [©
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Schaduler loop execubion 2 data ansacton o
ready
Push suspanded corouing hands 1o e Scheduler ioop for resuming & euecuton  +——
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Resume suspended coroutne
14

KopHieHko B.P, €T, rp. CKCm-20-1, kad. ANOT, XHYPE, 2021
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TecTyBaHHA SPI gppansepy

TEST_P(SpiDriverTest, CheckRandomSequenceWithLengthTransmissionCorrect)

{/ OTpaMyemo poamip nocnigosHocTi
const std:iuint16.t TransactionLength{std::get<8={GetParam())};
ThataStream ExpectedStream{TransactionLength};

std::random_device randomDevice;

std::mt19937 generator(randomDevice());

std::uniform_int_distribution<s> distribution{@x@88, GxFF);

// hopuyeMo BMNagKosy NoOcHNKy

std::ranges: :generate(ExpectedStream, [B&distribution, generator](} mutable {
return std::byte(distribution{generator});

ol
CaroUtils: :syncWait({sendChunk(
reinterpret_cast<const std::uint8_t*»(ExpectedStream.data()), ExpectedStream.size()}));

/[ 3miprewmo mignpaenedi Ta npwiAHATL pawWi y spi-backend
EXPECT_EQ{TransactionsToDataStream(}, ExpectedStream);

KopHieHko B.P, cT. rp. CKCm-20-1, kad. AMNOT, XHYPE, 2021

KoHuenuia when_all

e [lo3Bonsie 3anycTWTW Ha BUKOHAHHSA template<typename ...Args>
: : auto when_all(Args&& ... args)
HAEKINbKa aCMHXPOHHWUX KOMMOHEHTIB {
e Peanizauis 40O3BOMSIE THYYKO 3QiCHIOBATI return WhenAllTask{ std::forward_as_tuple(args...
o06pobKy noMunox }
o MiHiManeHa annokauis nam'aTi nig 3agadi
void initializeProcedure()}
conporpam {
co_await when_all(
sendCommand (BxFF),
sendCommand (BxAD) ,
sendCommand (Bx88)
)i
}

KopHieHko B.P. cT, rp. CKCm-20-1, kad. AMNOT, XHYPE, 2021
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MiaTpuMKa y cyyacHuUx KoMninsitopax

e GCC - noynHawuuM 3 sepcii 10.1 - nepwa peanisauis, 3 10.2 - ctabinbHa peanizauis
e Clang-3 9 sepcii komninsTopa
e  MSVC- nounHaioym 3 15.3 sk working draft y ctangapTHin Bibnioteyj.

KopHieHko BP, 1 rp. CKCm-20-1, kad. ANOT, XHYPE, 2021 17

3aK/IlouYeHHA

Hayroea HosiaHa

e HaBeneHo aHania icHyto4Mx MexaHiamie baraTtozagadHocTi y BBygoBaHMx cucTemax. HasegeHo
peanizaliio NpUMITUBIB 3 BUKOPUCTaHHAM MexaHiamis conporpam C++20.

e  3anponoHOBaHO MOAENL BUKOPUCTAHHA COMpOrpamM Npy nporpamyBeaxHi BByAoBaHmnX cuctem Ta
BUKOHaHO ii peanizauito Ha Bazi npumitueie C++20. Mogent moxe ByTu BukopucTaHa y
B6ynoeaHux cMcTemMax ans nposagxeHHs low-memory-footprint mexaHiamie KoonepaTUBHOT
BGaraTozagaqHocTi Ta/abo CNPOLLEHHA HaNWCaHHA aCUHXPOHHOTO Koay.

MpakTuyHa 3HAYUMICTb.

s Y NOPIBHAHHI 3 ICHYIOYMMKM MEXaHi3MaMK ICTOTHO SMEeHLLYETLCS KinkKicTe HeobBxigHoi nam'aTi
nporpam Ta nam'aTi AaHux AN sanycky Ta nigTpumkm conporpam. MiHimansHo HeoBxigHi sepcil
KOMNINATOPIB TAKOX BKNKOYaIOTh A0 ceBe MexaHi3mMu onTUMisaLlii 36epexeHHs CTeKy conporpamm,
Haaar4M MakcMManbHO LWNAX BUKOPUCTaHHA HOBUX MeXaHi3miB.

KopHieHko B.P, cT. rp. CKCm-20-1, kad. ANOT, XHYPE, 2021 18
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MepcnekTneu pocnigXXeHHs

e Merta- niaBuiLEHHS edheKTMBHOCTI icHyt4nx C/C++ BibnioTek Ans BBy J0BaHWUX CUCTEM 33 PaxyHOK
MiHimizauii HeGnokytouoro |/O 3 MiHiManeHO He-IHBa3WBHOID iHTErpaLielo 40 ICHYYMX pilleHb.

e CyTHicTe AOCNIOKEHHS - CTBOPEHHA NMPMMITHBIE ACMHXPOHHOT B3aEMOAIi 3 iHTerpauicto go
icHytoHoro npoekTy. MoXnuBICTE CTBOPEHHA CTPYKTYpW Ta HaBopy Bibniotek ana poboTn 3
nepuepieio Ta 30BHILUHIMKW NPUCTPOAMK 3 MIHIMaNbHUMK HaKNaaAHUMK BUTpaTamn Ha
CYMNPOBOPKEHHA Ta NOYATKOBE BHECEHHS A0 NPOEKTY.

KopHieHko B.P. cT rp. CKCM-20-1, kad ANOT, XHYPE, 2021
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