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IMP - programovani
vestavnych app. v C

® :
ACLE: ARM  C Language Extensions (https://developer.arm.com/
architectures/system-architectures/software-standards/acle)

CMSIS: Cortex Microcontroller System Interface Standard
(www.arm.com/cmsis)

MISRA: Motor Industry Software Reliability Association

(www.misra.org.uk)

KDS_IDE: Kinetis Design Studio Integrated Development Environment (IDE)
(http://www.nxp.com/products/software—and-tools/
software-development-tools/
kinetis-design-studio-integrated-development-environment-ide:
KDS_IDE?fsrch=l&sr=1&pageNum=1)

KDSUG: Kinetis Design Studio - User’s Guide
(http://cache.nxp.com/docs/en/user-guide/KDSUG.pdf)

KINETIS-SDK: Software Development Kit for Kinetis MCUs
(http://www.nxp.com/products/reference-designs/
software-development-kit—-for-kinetis-mcus:
KINETIS-SDK?tab=Documentation_Tab)

® ®
MCUXpresso Software and Tools for ARM  Cortex -M cores
(https://www.nxp.com/support/developer—-resources/
run-time-software/mcuxpresso-software-and-tools:MCUXPRESSO)

Mbed (https://www.mbed.com/)
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IMP - programovani
vestavnych app. v C

... specifikuje rozsireni jazyka a prvky, které Ize
implementovat do prekladacd C/C++ s cilem umoZnit
programatordm co nejlépe vyuzit moznosti ARM; mj.
zahrnuje:
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IMP - programovani
vestavnych app. v C

... specifikuje rozsireni jazyka a prvky, které Ize
implementovat do prekladacd C/C++ s cilem umoZnit
programatordm co nejlépe vyuzit moznosti ARM; mj.
zahrnuje:

» jména pro Casti architektur a CPU,
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IMP - programovani
vestavnych app. v C

... specifikuje rozsireni jazyka a prvky, které Ize
implementovat do prekladacd C/C++ s cilem umoznit
programatordim co nejlépe vyuzit moznosti ARM; mj.
zahrnuje:

» jména pro Casti architektur a CPU,

» preddefinovand makra pro ovéfeni dostupné
funkcionality na cilové architekture (napr. pritomnost
FPU &i NEON),


http://www.fit.vut.cz/study/course/230998/
http://www.fit.vut.cz

/ CLE - VYSOKE UCENI FAKULTA
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IMP - programovani
vestavnych app. v C

... specifikuje rozsireni jazyka a prvky, které Ize

implementovat do prekladacd C/C++ s cilem umoznit

programatordim co nejlépe vyuzit moznosti ARM; mj.

zahrnuje:

» jména pro Casti architektur a CPU,

» preddefinovand makra pro ovéfeni dostupné
funkcionality na cilové architekture (napr. pritomnost
FPU &i NEON),

» funkce usnadnujici programovani aplikaci,
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IMP - programovani
vestavnych app. v C

... specifikuje rozsireni jazyka a prvky, které Ize
implementovat do prekladacd C/C++ s cilem umoznit
programatordim co nejlépe vyuzit moznosti ARM; mj.
zahrnuje:

» jména pro Casti architektur a CPU,

» preddefinovand makra pro ovéfeni dostupné
funkcionality na cilové architekture (napr. pritomnost
FPU &i NEON),

» funkce usnadnujici programovani aplikaci,

» atributy aplikovatelné na funkce, data a daldi entity.


http://www.fit.vut.cz/study/course/230998/
http://www.fit.vut.cz

/ CLE - VYSOKE UCENI FAKULTA

Prehled r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

... specifikuje rozsireni jazyka a prvky, které Ize
implementovat do prekladacd C/C++ s cilem umoznit
programatordim co nejlépe vyuzit moznosti ARM; mj.
zahrnuje:

» jména pro Casti architektur a CPU,

» preddefinovand makra pro ovéfeni dostupné
funkcionality na cilové architekture (napr. pritomnost
FPU &i NEON),

» funkce usnadnujici programovani aplikaci,

» atributy aplikovatelné na funkce, data a daldi entity.
... neni to HAL (Hardware Abstraction Layer) ani

nedefinuje zpUsob fizeni a externi chovani
prekladacl pomoci parametrd apod.
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IMP - programovani

» preddefinovand makra vestavnych app. v C
» zacinagji prefixem ARM_ , NAPF. __ARM_ARCH,

__ARM_ACLE, __ARM_NEON
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IMP - programovani

» preddefinovand makra vestavnych app. v C
» zacinagji prefixem ARM_ , NAPF. __ARM_ARCH,

__ARM ACLE, _ARE_NE O_N
» zdkladni deklarace a definice, hlavickové soubory
» Viz <arm_acle.h> POPI. <arm_neon.h> Pro

implementace na bdzi NEON
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IMP - programovani

» preddefinovand makra vestavnych app. v C
» zacinagji prefixem ARM_ , NAPF. __ARM_ARCH,

__ARM_ACLE, __ ARM_NEON
» zdkladni deklarace a definice, hlavickové soubory
» Viz <arm_acle.h> POPI. <arm_neon.h> Pro
implementace na bdzi NEON
» zAkladni datové typy
» char je beznam.,znam. int je implementacné
zavislé, ___fp16 pro half-precision (16-bit)
floating-point (test HW podpory pfes ___aRM_FP , ddle
viz podpora formdtu [EEE __ARM_FP16_FORMAT_IEEE

nebo ARM (rozsifeni rozsahu odstranénim podpory pro
oo dNaN) _ ARM_FP16_FORMAT_ALTERNATIVE)
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IMP - programovani

» preddefinovand makra vestavnych app. v C
» zacinagji prefixem ARM_ , NAPF. __ARM_ARCH,

__ARM_ACLE, __ ARM_NEON
» zdkladni deklarace a definice, hlavickové soubory
» Viz <arm_acle.h> POPI. <arm_neon.h> Pro
implementace na bdzi NEON
» zAkladni datové typy
» char je beznam.,znam. int je implementacné
zavislé, ___fp16 pro half-precision (16-bit)
floating-point (test HW podpory pfes ___aRM_FP , ddle
viz podpora formdtu [EEE __ARM_FP16_FORMAT_IEEE

nebo ARM (rozsifeni rozsahu odstranénim podpory pro
oo dNaN) __ ARM_FP16_FORMAT_ ALTERNATIVE)

» atributy

» pro anotaci typu, objektl a funkci dodatecnou
informaci, napf. zarovndni (alignment)
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IMP - programovani

» 1‘es" #if ___ARM ACLE == 201 Odpovidé feSTU na vestavnych app. v C
ACLE 2.1 dle 100*major_version + minor_version


http://www.fit.vut.cz/study/course/230998/
http://www.fit.vut.cz

/ CLE - VYSOKE UCENI FAKULTA

PF. maker pro test viastnosti (Feature test macros) r Ntgpiid

IMP - programovani

» test 4if ARM ACLE == 201 OdeVTdé testu na vestavnych app. v C
ACLE 2.1 dle 100*major_version + minor_version

> #if _ ARM_ARCH >= 801 odpovidd testu na min.
ARMVS8.1 dle X*100+Y pro ARMvVX.Y a X=8, Y=1
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» test 4if ARM ACLE == 201 OdeVTdé testu na vestavnych app. v C
ACLE 2.1 dle 100*major_version + minor_version

> #if _ ARM_ARCH >= 801 odpovidd testu na min.
ARMVS8.1 dle X*100+Y pro ARMvVX.Y a X=8, Y=1

» #if __ ARM_ARCH_TISA_ARM = | pokud je
podporovdna instrukéni sada ARM
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PF. maker pro test viastnosti (Feature test macros) r Ntgpiid

IMP - programovani

» test #if _ ARM _ACLE == 201 odpovidd testu na UEEETMGECE e
ACLE 2.1 dle 100*major_version + minor_version

> #if _ ARM_ARCH >= 801 odpovidd testu na min.
ARMVS8.1 dle X*100+Y pro ARMvVX.Y a X=8, Y=1

» #if _ ARM_ARCH_ISA_ARM = 1 pokud je
podporovdna instrukéni sada ARM

» #if _ ARM _ARCH_ISA_THUMB = 1 je-li podporovdana
instrukcni sada Thumb resp. 2 pro Thumb-2
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IMP - prpgrcmovdni
» test #if _ ARM _ACLE == 201 odpovidd testu na UEEETMGECE e
ACLE 2.1 dle 100*major_version + minor_version

> #if _ ARM_ARCH >= 801 odpovidd testu na min.
ARMVS8.1 dle X*100+Y pro ARMvVX.Y a X=8, Y=1

» #if _ ARM_ARCH_ISA_ARM = 1 pokud je
podporovdna instrukéni sada ARM

» #if _ ARM _ARCH_ISA_THUMB = 1 je-li podporovdana
instrukcni sada Thumb resp. 2 pro Thumb-2

» #if _ ARM BIG_ENDIAN = | signalizuje big-endian,
0 little-endian zpUsob s/ukldddani dat
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IMP - prpgrcmovdni
» test #if _ ARM _ACLE == 201 odpovidd testu na UEEETMGECE e
ACLE 2.1 dle 100*major_version + minor_version

> #if _ ARM_ARCH >= 801 odpovidd testu na min.
ARMVS8.1 dle X*100+Y pro ARMvVX.Y a X=8, Y=1

» #if _ ARM_ARCH_ISA_ARM = 1 pokud je
podporovdna instrukéni sada ARM

» #if _ ARM _ARCH_ISA_THUMB = 1 je-li podporovdana
instrukcni sada Thumb resp. 2 pro Thumb-2

» #if _ ARM BIG_ENDIAN = | signalizuje big-endian,
0 little-endian zpUsob s/ukldddani dat

» __ ARM FEATURE_UNALIGNED ,
__ARM FEATURE_LDREX , _ ARM_FEATURE_DSP ,
__ARM_FEATURE_IDIV, _ ARM_FEATURE_CRYPTO,
__ARM_FEATURE_CRC32, _ ARM_PCS
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» atribut Ize uvodit napr. prefixem attribute_
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IMP - programovani
vestavnych app. v C

» atribut Ize uvodit napr. prefixem __attribute_

» Pf. A int B x C, D y E; : pro GCC atribut A plati
pro x iy, zatimco B, C (D, E) plati jen pro x (y)
» _ attribute_ ((pcs (Maapcs”))) .

__attribute__ ((pcs (“aapcs-vip”))) .

__attribute__ ((target (“arm”))) .

__attribute__ ((target (“thumb”))) ,
» _ attribute_ ((aligned(N)))
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ACLE

PF. k atfributdm

» atribut Ize uvodit napr. prefixem

» Pf. A int B x C, D y E; : pro GCC atribut A plati
pro x iy, zatimco B, C (D, E) plati jen pro x (y)
» _ attribute_ ((pcs (Maapcs”))) .

__attribute__ ((pcs (“aapcs-vfp”))) .

__attribute__ ((target (“arm”))) ,

__attribute__ ((target (“thumb”))) ,
» _ attribute_ ((aligned(N)))

struct S x __attribute_ ((aligned(16)));
struct S _Alignas(16) x;

#include <stdalign.h>

struct S alignas(16) x;
struct S alignas(16) x;

> ..

__attribute_

- VYSOKE UCENI FAKULTA
r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

/* ACLE x/
/x C11 =/

/* Cl1 (alt.)=x/

/* C++11 %/

f Strnadel
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IMP - programovani
vestavnych app. v C

» ...pro bariéry
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IMP - programovani
vestavnych app. v C

» ...pro bariéry
» _ dmb(/* constant */ unsigned int); generuje
instrukci pro DMB (Data Memory Barier)
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PF. dalSich vestavénych maker r Ntgpiid

IMP - programovani
vestavnych app. v C

» ...pro bariéry
» _ dmb(/* constant */ unsigned int); generuje
instrukci pro DMB (Data Memory Barier)
» _ dsb(/* constant */ unsigned int); generuje
instrukci pro DSB (Data Synchronization Barier)
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PF. dalsich vestavénych maker r Ntgpiid

IMP - programovani
vestavnych app. v C

» ...pro bariéry
» _ dmb(/* constant */ unsigned int); generuje
instrukci pro DMB (Data Memory Barier)
» _ dsb(/* constant */ unsigned int); generuje
instrukci pro DSB (Data Synchronization Barier)
» _ isb(/x constant */ unsigned int); generuje
instrukci pro ISB (Instruction Synchronization Barier)

» ... pro dalsi vyuziti
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PF. dalSich vestavénych maker r Ntgpiid

IMP - programovani
vestavnych app. v C

» ...pro bariéry
» _ dmb(/* constant */ unsigned int); generuje
instrukci pro DMB (Data Memory Barier)
» _ dsb(/* constant */ unsigned int); generuje
instrukci pro DSB (Data Synchronization Barier)
» _ isb(/x constant */ unsigned int); generuje
instrukci pro ISB (Instruction Synchronization Barier)
» ... pro dalsi vyuziti
» void __wfi(void); gen.instr. wfi (Wait For
Interrupt), void __wfe(void); gen. instr. wfe (Wait
For Event), void __sev(void); gen. instr. sev (Seta
global Event), void __yield(void); gen. instr.
yield, __dbg(/* constant */ unsigned int);
gen. inst. dbg, void __nop (void); gen. instr. nop,
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ACLE

PF. maker pro pfistup k systémovym registrdm

uint_32_t _ arm rsr (const char
x*special_ register);

unsigned int midr =
_arm_rsr (“cpl5:0:c0:c0:0");
> voidx __arm_rsrp (const char
x*special_register);

> void* __arm_wsr (const char
*special_register, uint_32_t wvalue);

> voidx arm_wsrp (const char
xspecial_ register, const void =xvalue);

r

VYSOKE UCENI FAKULTA
TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C
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IMP - programovani
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Cortex
Microcontroller
Software
Interface
Standard

FIT VUT v Bri
k. .
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Prehled r TECHNICKE INFORMAEN(CH
VBRNE TECHNOLOGI

IMP - programovani

... abstrakeni vrstva pro zafizeni zalozend na Cortex(-M); vestavnych app, v C
mj. definuje:

Application Code

Komponenty:
p W Middleware

37 Pa
CMSIS Software Pack &7

CMSIS-DSP B CMSIS-RTOS CMSIS-Driver

DSP Library API API

RTOS Kernel Jj Device HAL

31 Party Silicon Vendor

CMSIS-CORE

Access Functions, SIMD Intrinsics, Peripheral & Interrupt Definitions

Core Peripherals Other

SysTick Timer, NVIC, SAU, Debug & Trace Peripherals

CoreSight

Microcontroller

zdroj: (2)
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Prehled r TECHNICKE INFORMAEN(CH
VBRNE TECHNOLOGI

IMP - programovani

... abstrakeni vrstva pro zafizeni zalozend na Cortex(-M); vestavnych app: V.G

mj. definuje:

» jednotny zpusob v pristupu (k registrim periferii,
vektordm vyjimek, ...)

Application Code

Komponenty:
p W Middleware

37 Pa
CMSIS Software Pack &7

CMSIS-DSP B CMSIS-RTOS CMSIS-Driver

DSP Library API API

RTOS Kernel Jj Device HAL

31 Party Silicon Vendor

CMSIS-CORE

Access Functions, SIMD Intrinsics, Peripheral & Interrupt Definitions

Core Peripherals Other

SysTick Timer, NVIC, SAU, Debug & Trace Peripherals

CoreSight

Microcontroller

zdroj: (2)
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Prehled r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani

... abstrakeni vrstva pro zafizeni zalozend na Cortex(-M); vestavnych app: V.G

mj. definuje:

» jednotny zpusob v pristupu (k registrim periferii,
vektordm vyjimek, ...)

» jména (registrl periferii, vektorl vyjimek, .. .)

Application Code

Komponenty:
p W Middleware

CMSIS Software Pack

CMSIS-DSP B CMSIS-RTOS CMSIS-Driver

DSP Library API

RTOS Kernel Jj Device HAL

31 Party Silicon Vendor

CMSIS-CORE

Access Functions, SIMD Intrinsics, Peripheral & Interrupt Definitions

Core Peripherals CoreSight
SysTick Timer, NVIC, SAU, Debug & Trace Peripherals

Microcontroller

zdroj: (2)

FIT VUT v Bri
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Prehled r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani

... abstrakeni vrstva pro zafizeni zalozend na Cortex(-M); vestavnych app: V.G

mj. definuje:

» jednotny zpusob v pristupu (k registrim periferii,
vektordm vyjimek, ...)

» jména (registrl periferii, vektorl vyjimek, .. .)

» rozhrani pro ladéni aplikaci nezdvislé na zafizeni

Application Code

Komponenty:
p W Middleware

CMSIS Software Pack

CMSIS-DSP B CMSIS-RTOS CMSIS-Driver

DSP Library API

RTOS Kernel Jj Device HAL
31 Party ez

CMSIS-CORE

Access Functions, SIMD Intrinsics, Peripheral & Interrupt Definitions

Core Peripherals CoreSight
SysTick Timer, NVIC, SAU, Debug & Trace Peripherals

Microcon troller

zdroj: (2)
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CMS'S - VYSOKE UCENI FAKULTA

Prehled r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani

... abstrakeni vrstva pro zafizeni zalozend na Cortex(-M); vestavnych app: V.G

mj. definuje:

» jednotny zpusob v pristupu (k registrim periferii,
vektordm vyjimek, ...)

» jména (registrl periferii, vektorl vyjimek, .. .)

» rozhrani pro ladéni aplikaci nezdvislé na zafizeni

Application Code

Komponenty:

Middleware
> CMSIS—Core CMSIS Software Pack
» CMSIS-Driver cmMsis-DsP B cMsis-RTOS fBN cMSIS-Driver

DSP Library APl
» CMSIS-RTOS
RTOS Kernel Device HAL

» CMSIS-SVD 3 Party -

CMSIS-CORE

Access Functions, SIMD Intrinsics, Peripheral & Interrupt Definitions

Core Peripherals CoreSight
SysTick Timer, NVIC, SAU, Debug & Trace Peripherals

Microcon troller

zdroj: (2)
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CMS'S - VYSOKE UCENI FAKULTA

Prehled r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani

... abstrakeni vrstva pro zafizeni zalozend na Cortex(-M); vestavnych app: V.G
mj. definuje:

» jednotny zpusob v pristupu (k registrim periferii,

vektordm vyjimek, ...)
» jména (registrl periferii, vektorl vyjimek, .. .)
» rozhrani pro ladéni aplikaci nezdvislé na zafizeni
Application Code

Komponenty: Middleware
» CMSIS-Core T Eilbh)
» CMSIS-Driver CMsis-DsP & CMsiS-RTOS |} CMSiS-Driver
> CMSIS-RTOS
>

RTOS Kernel fjj Device HAL

CMSIS-SVD 2P
CMSIS-CORE
Access Functions, SIMD Intrinsics, Peripheral & Interrupt Definitions
» CMSIS-DSP
» CMSIS-Pack Core Peripherals CoreSight
SysTick Timer, NVIC, SAU, Debug & Trace Peripherals
» CMSIS-DAP

Microcon troller

zdroj: (2)
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CMSIS-Core

Co implementuje a definuje

...implementuje zAk-
ladni run-time systém pro
zarfizeni na bdzi Cortex-M
a umoznuje  uzivateli
pristup k jadru procesoru
a jeho periferiim.

... definuje:

- VYSOKE UCENI FAKULTA
r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

Application Code IMP - programovani

vestavnych app. v C
Middleware
3y

CMSIS-CORE
Access Functions. SIMD Intrinsics Peipheral & Inerrupe Defnicions

Core Peripherals
CPU Core [| $yTickTaner,NVIC. AU, Debug 8 Tace

iy | SEEEE

zdroj: (2)

FIT VUT v Bri
k. .
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CMSIS-Core

Co implementuje a definuje

...implementuje zAk-
ladni run-time systém pro
zarfizeni na bdzi Cortex-M
a umoznuje  uzivateli
pristup k jadru procesoru
a jeho periferiim.

... definuje:

» Hardware Abstraction Layer (HAL) pro registry CPU, SysTick, NVIC,
System Control Block, MPU, FPU a funkce pro pfistup k nim,

- VYSOKE UCENI FAKULTA
r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

Application Code

Middleware
| CMSIS Software Pack. D=
cmsis-Dsp B cMsis-RTOS
05° Lirry A

RTOS Kernel
¥+ party

CMSIS-CORE
Access Functions. SIMD Intrinsics Peipheral & Inerrupe Defnicions

Core Peripherals
CPU Core | STk TanesNVIC, SAU. Db e

iy | SEEEE

Microcontroler

zdroj: (2)
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C MS'S_COre - VYSOKE UCENI FAKULTA

Co implementuje a definuje r ECRHN'EC:Ec.mFuanfMCH

IMP - programovani
vestavnych app. v C

Application Code

Middleware
3 Party

...implementuje zAk-
ladni run-time systém pro

CMSIS-DSP B CMSIS-RTOS
DSP Lbrary AP

zarfizeni na bdzi Cortex-M
a umoznuje  uzivateli
pristup k jadru procesoru

RTOS Kernel
¥+ party

CMSIS-CORE
Access Functions. SIMD Intrinsics Peipheral & Inerrupe Defnicions

a jeho periferiim.

Core Peripherals
CPU Core | STk TanesNVIC, SAU. Db e

iy | SEEEE

Microcontroler

zdroj: (2)
... definuje:

» Hardware Abstraction Layer (HAL) pro registry CPU, SysTick, NVIC,
System Control Block, MPU, FPU a funkce pro pfistup k nim,

» ndzvy systémovych vyjimek,
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CMSIS-Core

Co implementuje a definuje

...implementuje zAk-
ladni run-time systém pro
zarfizeni na bdzi Cortex-M
a umoznuje  uzivateli
pristup k jadru procesoru
a jeho periferiim.

.. definuje:

» Hardware Abstraction Layer (HAL) pro registry CPU, SysTick, NVIC,

- VYSOKE UCENI FAKULTA
r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

Application Code

Middleware
| CMSIS Software Pack. D=
cmsis-Dsp B cMsis-RTOS
05° Lirry A

RTOS Kernel
¥+ party

CMSIS-CORE
Access Functions. SIMD Intrinsics Peipheral & Inerrupe Defnicions

Core Peripherals
CPU Core | STk TanesNVIC, SAU. Db e

iy | SEEEE

Microcontroler

zdroj: (2)

System Control Block, MPU, FPU a funkce pro pfistup k nim,
» ndzvy systémovych vyjimek,
» zpUsob organizace hlavickovych soubord,
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C MS'S_COre - VYSOKE UCENI FAKULTA

Co implementuje a definuje r ECRHN'EC:Ec.mFuanfMCH

IMP - programovani
vestavnych app. v C

Application Code

Mlddleware

.implementuje zAk-
ladni run-time systém pro
zarfizeni na bdzi Cortex-M
a umoznuje  uzivateli
pristup k jadru procesoru
a jeho periferiim.

‘MSIS-DSP B CMSIS-RTOS
DSP Lbrary AP

RTOS Kernel
¥+ party

(=

Devlce HAL

CMSIS-CORE
Access Functions. SIMD Intrinsics Peipheral & Inerrupe Defnicions

Core Peripherals
CPU Core | STk TanesNVIC, SAU. Db e

iy | SEEEE

Microcontroler

zdroj: (2)

.. definuje:

» Hardware Abstraction Layer (HAL) pro registry CPU, SysTick, NVIC,
System Control Block, MPU, FPU a funkce pro pfistup k nim,

» ndzvy systémovych vyjimek,

v

zpUsob organizace hlavickovych soubor,

» metody inicializace koncovych zafizeni, napf. funkce SysteminitQ
pro nastaveni hodinového podsystému,
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CMSIS-Core

Co implementuje a definuje

.implementuje zAk-
ladni run-time systém pro
zarfizeni na bdzi Cortex-M
a umoznuje  uzivateli
pristup k jadru procesoru
a jeho periferiim.

.. definuje:

- VYSOKE UCENI FAKULTA
r TECHNICKE INFORMACNICH

VBRNE TECHNOLOGII

Application Code

Mlddleware

‘MSIS-DSP B CMSIS-RTOS
DSP Lbrary AP

RTOS Kernel
¥+ party

(=

Devlce HAL

CMSIS-CORE
Access Functions. SIMD Intrinsics Peipheral & Inerrupe Defnicions

Core Peripherals
CPU Core | STk TanesNVIC, SAU. Db e

iy | SEEEE

Microcontroler

zdroj: (2)

» Hardware Abstraction Layer (HAL) pro registry CPU, SysTick, NVIC,
System Control Block, MPU, FPU a funkce pro pfistup k nim,

» ndzvy systémovych vyjimek,

» zpUsob organizace hlavickovych soubord,

» metody inicializace koncovych zafizeni, napf. funkce SysteminitQ
pro nastaveni hodinového podsystému,

» funkce pro generovani instrukci nepfistupnych z ISO/IEC C,

IMP - programovani
vestavnych app. v C
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CMSIS-Core

Co implementuje a definuje

.implementuje zAk-
ladni run-time systém pro
zarfizeni na bdzi Cortex-M
a umoznuje  uzivateli
pristup k jadru procesoru
a jeho periferiim.

.. definuje:

- VYSOKE UCENI FAKULTA
r TECHNICKE INFORMACNICH

VBRNE TECHNOLOGII

Application Code

Mlddleware
Crsis Software Pack
CMSIS-DSP B CMSIS-RTOS
DSP Lbrary AP

RTOS Kernel
¥+ party

Devl:e HAL

CMSIS-CORE
Access Functions. SIMD Intrinsics Peipheral & Inerrupe Defnicions

Core Peripherals
CPU Core | STk TanesNVIC, SAU. Db e

iy | SEEEE

Microcontroler

zdroj: (2)

» Hardware Abstraction Layer (HAL) pro registry CPU, SysTick, NVIC,
System Control Block, MPU, FPU a funkce pro pfistup k nim,

» ndzvy systémovych vyjimek,

» zpUsob organizace hlavickovych soubord,

» metody inicializace koncovych zafizeni, napf. funkce SysteminitQ
pro nastaveni hodinového podsystému,

» funkce pro generovani instrukci nepfistupnych z ISO/IEC C,
» proménnou umoziujict urit kmitoCet sys. hodin a ziednodusit

nastaveni Casovace SysTick.

IMP - programovani
vestavnych app. v C
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C MS'S_COre - VYSOKE UCENI FAKULTA

llustrace (Sablony zafizeni)

» CMSIS-Core Device templates

r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

(Register names of the Core Peripherals and names of the
Core Exception Vectors. Functions to access core periph-
erals, special CPU instructions and SIMD instructions (for
Cortex-M4 and Cortex-M7) Generic startup code and sys-
tem configuration code)

[ cusis-CORE Device Files (Siicon Wendor)

[ user Program

[ cusis-coRE Standard Files (ARM)

ey o e

[
<user>.cict+ SIMD Instruction Access

User Application
main() { .- }

zdroj a dalii ilustrace:
http://arm-software.github.io/CMSIS_5/Core/html/templates_pg.html
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C MS'S_COre - VYSOKE UCENI FAKULTA

llustrace (3ablony zafizen) r Ntgpiid

IMP - programovani
vestavnych app. v C

» CMSIS-Core Device templates
(Register names of the Core Peripherals and names of the
Core Exception Vectors. Functions to access core periph-
erals, special CPU instructions and SIMD instructions (for
Cortex-M4 and Cortex-M7) Generic startup code and sys-
tem configuration code)

[ cusis-CORE Device Files (Siicon Wendor)

[ user Program

[ cusis-coRE Standard Files (ARM)

ey o e

[
<user>.cict+ SIMD Instruction Access

User Application
main() { .- }

zdroj a dalii ilustrace:
http://arm-software.github.io/CMSIS_5/Core/html/templates_pg.html

» CMSIS-Core Processor files
.\CMSIS\Core\Include (core_cm4.h, core_cmOplus.h)
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C MS'S_COre - VYSOKE UCENI FAKULTA

llustrace (hlaviékovy soubor pro zafizent) r ECRHN'EC::cm?meNICH

IMP - programovani

Device HeQder File <device.h> ObSOhUje' vestavnych app. v C
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C MS'S_COre - VYSOKE UCENI FAKULTA

llustrace (hlaviékovy soubor pro zafizent) r ECRHN'EC::cm?meNICH

IMP - programovani

Device HeQder File <device.h> ObSOhUje' vestavnych app. v C
» Interrupt Number Definition

typedef enum IRQn
{

/**%%%+ Processore Core Exceptions Numbers ***+%%/
NonMaskableInt_IRQn = -14,

SysTick_IRQn = -1,
/**xxx* Device-Specific Interrupt Numbers sxxx+x/
WAKEUPO_IROn = 0,

EINTO_IROn = 31,
} IROn_Type;
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CMS'S_COr - VYSOKE UCENI FAKULTA

llustrace (hlaviékovy soubor pro zafizent) r ECRHN'EC::c:#«?meNICH

IMP - programovani

Device HeQder File <device.h> ObSOhUje' vestavnych app. v C
» Interrupt Number Definition

typedef enum IRQn
{

/**%%%+ Processore Core Exceptions Numbers ***+%%/
NonMaskableInt_IRQn = -14,

SysTick_IROn = -1,
/*+x+x+ Device-Specific Interrupt Numbers #x*x*/

WAKEUPO_IRQn = 0,

EINTO_IROn = 31,

} IRQn_Type;

» Configuration of the Processor and Core Peripherals
#define __CM4_REV 0x0001 /* Core revision rOpl =/
#define _ MPU_PRESENT 1 /* MPU present or not */
#define __NVIC_PRIO_BITS 3 /* Number of Bits used for Priority Levels */
#define __Vendor_SysTickConfig 0 /+ Set to 1 if different SysTick Config is used */
#define __ FPU_PRESENT 1 /x FPU present or not */

#include <core_cm4.h> /+ Cortex-M4 processor and core peripherals */
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CMS'S_COr - VYSOKE UCENI FAKULTA

llustrace (hlaviékovy soubor pro zafizent) r ECR*:‘”E'C:EECP"'::J“L“D';'I‘IFN'C“

Device Header File <device.h> obsahuje: Vostchmieh o 4
» Interrupt Number Definition

typedef enum IRQn

{
/*xx%+xx Processore Core Exceptions Numbers ##xx**/
NonMaskableInt_IRQn = -14,

SysTick_IROn = -1,
/*+x+x+ Device-Specific Interrupt Numbers #x*x*/

WAKEUPO_IRQn = 0,

EINTO_IRQn = 31,

} IROn_Type;
» Configuration of the Processor and Core Peripherals
#define _ CM4_REV 0x0001 /* Core revision rOpl */
#define _ MPU_PRESENT 1 /* MPU present or not */
#define __NVIC_PRIO_BITS 3 /* Number of Bits used for Priority Levels */
#define __Vendor_SysTickConfig 0 /+ Set to 1 if different SysTick Config is used */
#define __ FPU_PRESENT 1 /x FPU present or not */
#include <core_cm4.h> /+ Cortex-M4 processor and core peripherals */

» Device Peripheral Access Layer (pro kazdou periferii, pr. pro TMR)

typedef struct

/% (@ 0x40000000) TMR Structure */
__IOM uint32_t TimerLoad; /% (@ 0x00000004) Timer Load */

__IM uint32_t TimerValue; /% (@ 0x00000008) Timer Counter Current Value x/
__IOM uint32_t TimerControl; /+ (@ 0x0000000C) Timer Control =/

} <DeviceAbbreviation>_TMR_TypeDef;


http://www.fit.vut.cz/study/course/230998/
http://www.fit.vut.cz

CMS'S_COr - VYSOKE UCENI FAKULTA

llustrace (hlaviékovy soubor pro zafizent) r ECR*:‘”E'C:EECP"'::J“L“D';'I‘IFN'C“

Device Header File <device.h> obsahuje: Vostchmieh o 4
» Interrupt Number Definition

typedef enum IRQn

{
/*xx%+xx Processore Core Exceptions Numbers ##xx**/
NonMaskableInt_IRQn = -14,

SysTick_IROn = -1,
/*+x+x+ Device-Specific Interrupt Numbers #x*x*/

WAKEUPO_IRQn = 0,

EINTO_IRQn = 31,

} IROn_Type;
» Configuration of the Processor and Core Peripherals
#define _ CM4_REV 0x0001 /* Core revision rOpl */
#define _ MPU_PRESENT 1 /* MPU present or not */
#define __NVIC_PRIO_BITS 3 /* Number of Bits used for Priority Levels */
#define __Vendor_SysTickConfig 0 /+ Set to 1 if different SysTick Config is used */
#define __ FPU_PRESENT 1 /x FPU present or not */
#include <core_cm4.h> /+ Cortex-M4 processor and core peripherals */

» Device Peripheral Access Layer (pro kazdou periferii, pr. pro TMR)

typedef struct

/% (@ 0x40000000) TMR Structure */
__IOM uint32_t TimerLoad; /% (@ 0x00000004) Timer Load */

__IM uint32_t TimerValue; /% (@ 0x00000008) Timer Counter Current Value x/
__IOM uint32_t TimerControl; /+ (@ 0x0000000C) Timer Control =/

} <DeviceAbbreviation>_TMR_TypeDef;

» Access Functions for Peripherals (opt.)
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CMSIS-Driver

Prehled

... APl siednocujici/popisujici rozhrani oviadacu pro fizeni
zAkladnich periferii z middleware vrstvy (stacks) a uziva-
telské aplikace. Konkrétniimplementace byvaji rozsireny

o Memory BUS, GPIO, DMA atd.

... Z&kladni API skupiny:

vV vy vy VvYyYVvyy

vy

Microcontroller

VYSOKE UCENI FAKULTA
TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

r

IMP - programovani
vestavnych app. v C

Software Packs

Device Middleware

UsB Controller

SAI Controller

UsART

SPI Controller

CAN Controller

S| Controller

sDio

Memory Controller.

USB Controller

Startup/System _|ierisisie
- USB Device

river

Ethernet PHY

ETH_MACO

TCPIIP
Networking

Ethernet MAC

rrrrr

Graphics

File System

USB Host Driver USB Host

USEHO

CAN

Ethernet (MAC/PHY) "
12C SPI,USART -
MCI (SD/MMC) e
NAND-+Flash E
SAl (Serial audio interface  wof
PCM, AC'97,...) ;:E
Storage

USB (Host, Device)

zdroj: arm-software.github.io/CMSIS_5/Driver/html/
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CMSIS-Drive

llustrace

r

(blize viz / Cerpdno z http://arm-software.github.io/CMSIS_5/Driver/html/theoryOperation.html)

» API funkce oviadace jsou pfistupné pres strukturu
(Access Struct) instance dané periferie; pf. pro SPI:

ARM_DRIVER_SPI Driver SPIl;
ARM_DRIVER_SPI Driver_SPI2;
ARM_DRIVER_SPI Driver_SPI3;

// access functions for SPI1 interface
// access functions for SPI2 interface
// access functions for SPI3 interface

typedef struct _ARM DRIVER_SPI {
A

RM?DRIVER:VEREI ON
ARM_SPI_CAPABILITIES
int32_t
int32_t
int32_t
int32_t
int32_t
int32_t

uint32_t
int32_t
ARM_SPI_STATUS

} const ARM_DRIVER_SPI;

(xGetVersion) (void);

(«GetCapabilities) (void);

(#Initialize) (ARM_SPI_SignalEvent_t cb_event);

(«Uninitialize) (void);

(*PowerControl) (ARM_POWER_STATE state);

(+Send) (const void *data, uint32_t num);

(«Receive) ( void +data, uint32_t num);

(«Transfer) (const void *data_out, void *data_in,
uint32_t num);

(*GetDataCount) (void);

(*Control) (uint32_t control, uint32_t arg);

(xGetStatus) (void);

VYSOKE UCENI FAKULTA
TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C
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CMSIS-Drive

llustrace

(blize viz / Cerpdno z http://arm-software.github.io/CMSIS_5/Driver/html/theoryOperation.html)

- VYSOKE UCENI FAKULTA

r TECHNICKE

INFORMACNICH

VBRNE TECHNOLOGII

» API funkce oviadace jsou pfistupné pres strukturu
(Access Struct) instance dané periferie; pf. pro SPI:

ARM_DRIVER_SPI Driver SPIl;
ARM_DRIVER_SPI Driver_SPI2;
ARM_DRIVER_SPI Driver_SPI3;

typedef struct _ARM I
ARM_DRIVER_VERSION
ARM_SPI_CAPABILITIES
int32_t
int32_t
int32_t
int32_t
int32_t
int32_t

uint32_t
int32_t
ARM_SPI_STATUS

} const ARM_DRIVER_SPI;

» Tok voldni funkci ("GetVer. - GetCapab. — Init. — PowerCl.

— Uninit.”)

drv->Initialize (...);

// access functions for SPI1 interface
// access functions for SPI2 interface
// access functions for SPI3 interface

ARM_DRIVER_SPI {

(xGetVersion) (void);

(«GetCapabilities) (void);

(#Initialize) (ARM_SPI_SignalEvent_t cb_event);

(«Uninitialize) (void);

(*PowerControl) (ARM_POWER_STATE state);

(+Send) (const void *data, uint32_t num);

(«Receive) ( void +data, uint32_t num);

(«Transfer) (const void *data_out, void *data_in,
uint32_t num);

(*GetDataCount) (void);

(*Control) (uint32_t control, uint32_t arg);

(xGetStatus) (void);

// Allocate I/O pins

drv->PowerControl (ARM_POWER_FULL); // Power up peripheral, setup IRQ/DMA

drv->PowerControl (ARM_POWER_OFF) ;

drv->Uninitialize

)i

// Terminate any pending transfers,
// reset IRQ/DMA, power off peripheral
// Release I/0O pins

IMP - programovani
vestavnych app. v C
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CMS'S_RTOS - VYSOKE UCENI FAKULTA

Prehled r TECHNICKE INFORMAEN(CH
VBRNE TECHNOLOGI

IMP - programovani

... abstrakeni vrstva! pro aplikace zalozené na RTOS — VEEERENEER UE
vychozi APl v1 (CMSIS-RTOS RTX), zobecnéné API v2
(CMSIS-RTOS 2)

APl v2 mj. zahrnuje: Application Code

USER

CMSIS

]

3  Cortex  SysTick  NVIC  Debug Other
b CPU e e Conoer +Trace  Peripherals

zdroj: (2)

Voliteld rozsifeni zahrnuji MPU, n-CPU systémy, DMA, deterministické prepindni
kontextu, round-robin, zamezeni uvdznuti &i inverzi priorit, sniZzeni latence preruseni
pomociinstr. 1drex, strex ...

1 blize viz / Cerpdno z http://arm-software.github.io/CMSIS_5/RT0S2/html/index.html
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CMS'S_RTOS - VYSOKE UCENI FAKULTA

Prehled r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani

... abstrakeni vrstva! pro aplikace zalozené na RTOS — VEEERENEER UE
vychozi APl v1 (CMSIS-RTOS RTX), zobecnéné API v2
(CMSIS-RTOS 2)

APl v2 mj. zahrnuje: Application Code

» funkce, identifikatory a 3
parametry nad OS,

USER

CMSIS

Definitions

3  Cortex  SysTick  NVIC  Debug Other
b CPU e e Conoer +Trace  Peripherals

zdroj: (2)

Voliteld rozsifeni zahrnuji MPU, n-CPU systémy, DMA, deterministické prepindni
kontextu, round-robin, zamezeni uvdznuti &i inverzi priorit, sniZzeni latence preruseni
pomociinstr. 1drex, strex ...

1 blize viz / Cerpdno z http://arm-software.github.io/CMSIS_5/RT0S2/html/index.html
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CMS'S_RTOS - VYSOKE UCENI FAKULTA

Prehled r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani

... abstrakeni vrstva! pro aplikace zalozené na RTOS — VEEERENEER UE
vychozi APl v1 (CMSIS-RTOS RTX), zobecnéné API v2
(CMSIS-RTOS 2)

APl v2 mj. zahrnuje: Application Code

» funkce, identifikatory a 3
parametry nad OS,

» spravu mutext a semaford,
vidken, Casu (fimeouts,
osDelay(), osDelayUntil,
osThreadYield, Casovace)

USER

CMSIS

Definitions

3  Cortex  SysTick  NVIC  Debug Other
b CPU e e Conoer +Trace  Peripherals

zdroj: (2)

Voliteld rozsifeni zahrnuji MPU, n-CPU systémy, DMA, deterministické prepindni
kontextu, round-robin, zamezeni uvdznuti &i inverzi priorit, sniZzeni latence preruseni
pomociinstr. 1drex, strex ...
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CMS'S_RTOS - VYSOKE UCENI FAKULTA

Prehled r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani

... abstrakeni vrstva! pro aplikace zalozené na RTOS — VEEERENEER UE
vychozi APl v1 (CMSIS-RTOS RTX), zobecnéné API v2
(CMSIS-RTOS 2)

APl v2 mj. zahrnuje: Application Code

» funkce, identifikatory a 3
parametry nad OS,

» spravu mutext a semaford,
vidken, Casu (fimeouts,
osDelay(), osDelayUntil,
osThreadYield, Casovace)

» funkce pro prdacis
pferusenimi a podporu
provadeéni na drovni ISR,

USER

CMSIS

Definitions

3  Cortex  SysTick  NVIC  Debug Other
b CPU e e Conoer +Trace  Peripherals

zdroj: (2)

Voliteld rozsifeni zahrnuji MPU, n-CPU systémy, DMA, deterministické prepindni
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CMS'S_RTOS - VYSOKE UCENI FAKULTA

Prehled r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani

... abstrakeni vrstva! pro aplikace zalozené na RTOS — VEEERENEER UE
vychozi APl v1 (CMSIS-RTOS RTX), zobecnéné API v2
(CMSIS-RTOS 2)

APl v2 mj. zahrnuje: Application Code

» funkce, identifikatory a 3
parametry nad OS,

» spravu mutext a semaford,
vidken, Casu (fimeouts,
osDelay(), osDelayUntil,
osThreadYield, Casovace)

» funkce pro prdacis
pferusenimi a podporu
provadeéni na drovni ISR,

» uddlostmi fizenou komunikaci
mezi vidkny a ISR (pfiznaky
vidken/uddlosti, fronty zprdv),

>

Voliteld rozsifeni zahrnuji MPU, n-CPU systémy, DMA, deterministické prepindni
kontextu, round-robin, zamezeni uvdznuti &i inverzi priorit, sniZzeni latence preruseni
pomociinstr. 1drex, strex ...

USER

CMSIS

Cortex SysTick NVIC Debug Other
CPU e e Conoer +Trace  Peripherals

zdroj: (2)

MCU

1 blize viz / Cerpdno z http://arm-software.github.io/CMSIS_5/RT0S2/html/index.html
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CMS'S_RTOS - VYSOKE UCENI FAKULTA

llustrace ¢. 1 r TECHNICKE INFORMAENICH
: VBRNE TECHNOLOGII

: IMP - programovani
cmsis_os2.h vestavnych app. v C
G000
typedef struct {
uint32_t api; // API version (major.minor.rev: mmnnnrrrr dec).

uint32_t kernel; // Kernel version (major.minor.rev: mmnnnrrrr dec).
} osVersion_t;

typedef enum {
osOK = 0, // Operation completed successfully.

Hloco
} osStatus_t;

Hlooe
typedef enum {
osThreadInactive = 1, // Inactive.

Hfloco
} osThreadState_t;

Wl ooo

#define osWaitForever OxFFFFFFFFU // Wait forever timeout value.

#define osFlagsWaitAny 0x00000000U // Wait for any flag (default).

#define osFlagsWaitAll 0x00000001U // Wait for all flags.

#define osFlagsNoClear 0x00000002U // Do not clear flags which have been specified
to wait for.

Hlcoc

osStatus_t osKernelInitialize (void);

int32_t osKernelLock (void);

osThreadId_t osThreadNew (osThreadFunc_t func, void xargument, const osThreadAttr_t
*attr);

osStatus_t osDelay (uint32_t ticks);

osStatus_t osSemaphoreRelease (osSemaphoreld_t semaphore_id);

void *osMemoryPoolAlloc (osMemoryPoolId_t mp_id, uint32_t timeout);
osStatus_t osMessageQueuePut (osMessageQueueld_t mq_id, const void +msg_ptr,
uint8_t msg_prio, uint32_t timeout);

#lcac

IMP @ FIT VUT v
ZS ak. r. 202


http://www.fit.vut.cz/study/course/230998/
http://www.fit.vut.cz

CMSIS-RTOS

llustrace ¢. 2

main.c
#include "RTE_Components.h"
#include CMSIS_device_header
#include "cmsis_os2.h"

void app_main (void xargument) {
for (;i) {}
int main (void)

{
SystemCoreClockUpdate(); // System Initialization
#ifdef RTE_Compiler_EventRecorder

EventRecorderInitialize (EventRecordError, 1U); // Inits&start Event Recorder

#endif
//
osKernellInitialize(); // Initialize CMSIS-RTOS

osThreadNew (app_main, NULL, NULL); // Create application main thread

osKernelStart (); // Start thread execution
for (;i) {}

- VYSOKE UCENI FAKULTA
r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C
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CMS'S_SVD - VYSOKE UCENI FAKULTA

Prehled r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani

(Sys’rem View DeSCripﬂOn) vestavnych app. v C
... XML formdt pro formalizaci popisu mikrokontroléru na bdzi ARM
Cortex-M, konkrétné pamét ové mapovanych registrl periferii.

0

(2]

=

(@] System View
Description (XML)

]

Cortex  SysTick NVIC Debug Other
s CPU e iemamtcomioier + Trace  Peripherals

zdroj: (2)
Formdt popisu je organizovdn stylem shora dold, od

vysokoUroviového popisu periferii k jejich bitdm v pfislusnych
pamét’oveé mapovanych registrech.

llustrace:
http://arm-software.github.io/CMSIS_5/SVD/html/svd_Example_pg.html ° )
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- VYSOKE UCENI FAKULTA
r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

Motor

MISRA sstwere
Reliability
Associaltion
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MlSR _C - VYSOKE UCENI FAKULTA

“MISRA pro jazyk C” r TECHNICKE INFORMAENICH

VBRNE TECHNOLOGII

IMP - programovani

Problém: Z&dny programovaci jazyk nedokdze garantovat, e fiias e el
A Ze na jeho zdakladé vytvoreny spustitelny program se bude
vzdy chovat presné tak, jak jeho programdtor zamyslel.

Obvyklé pfi¢iny problému a motivace pro MISRA(-C)

2hclpf. http://www.ioccc.org/1984/anonymous/anonymous.c, SOUteZ http://www.ioccc.org/
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“MISRA pro jazyk C” r TECHNICKE INFORMAENICH

VBRNE TECHNOLOGII

IMP - programovani

Problém: Z&dny programovaci jazyk nedokdze garantovat, e fiias e el
A Ze na jeho zdakladé vytvoreny spustitelny program se bude
vzdy chovat presné tak, jak jeho programdtor zamyslel.

Obvyklé pfi¢iny problému a motivace pro MISRA(-C)
» jozyk C md slabou podporu testovdni za béhu (run-time checking) o

2nclpf. http://www.ioccc.org/1984/anonymous/anonymous.c, SOUteZ http://www.ioccc.org/
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MlSR _C - VYSOKE UCENI FAKULTA

“MISRA pro jazyk C” r TECHNICKE INFORMAENICH

VBRNE TECHNOLOGII

IMP - programovani

Problém: Z&dny programovaci jazyk nedokdze garantovat, e fiias e el
A Ze na jeho zdakladé vytvoreny spustitelny program se bude
vzdy chovat presné tak, jak jeho programdtor zamyslel.

Obvyklé pfi¢iny problému a motivace pro MISRA(-C)
» jozyk C md slabou podporu testovdni za béhu (run-time checking)
» programatofi délaji chyby (nepiehledny kéd?, preklepy, nechténé
pretypovani atd.), z nichz mnohé vedou na syntakticky spravné,
avsak nechténé konstrukce

pf. A i=5 versus i==5,pf. B: if (a==b); { ... }

2nQpF. http: //www. iocce.org/1984/anonymous/anonymous . c, SOUZ http: //www. ioccc. org/
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MlSR _C - VYSOKE UCENI FAKULTA

“MISRA pro jazyk C” r TECHNICKE INFORMAENICH

VBRNE TECHNOLOGII

IMP - programovani

Problém: Z&dny programovaci jazyk nedokdze garantovat, e fiias e el
A Ze na jeho zdakladé vytvoreny spustitelny program se bude
vzdy chovat presné tak, jak jeho programdtor zamyslel.

Obvyklé pfi¢iny problému a motivace pro MISRA(-C)
» jozyk C md slabou podporu testovdni za béhu (run-time checking)

» programatofi délaji chyby (nepiehledny kéd?, preklepy, nechténé
pretypovani atd.), z nichz mnohé vedou na syntakticky spravné,
avsak nechténé konstrukce

pf. A i=5 versus i==5,pf. B: if (a==b); { ... }
» programdatofi nerozumeji beze zbytku viem konstrukcim jazyka
pfix & 1 == 0Versus (x & 1) == 0

2nQpF. http: //www. iocce.org/1984/anonymous/anonymous . c, SOUZ http: //www. ioccc. org/
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MlSR _C - VYSOKE UCENI FAKULTA

“MISRA pro jazyk C” r TECHNICKE INFORMAENICH

VBRNE TECHNOLOGII

IMP - programovani

Problém: Z&dny programovaci jazyk nedokdze garantovat, e fiias e el
A Ze na jeho zdakladé vytvoreny spustitelny program se bude
vzdy chovat presné tak, jak jeho programdtor zamyslel.

Obvyklé pfi¢iny problému a motivace pro MISRA(-C)
» jozyk C md slabou podporu testovdni za béhu (run-time checking) L22)

» programatofi délaji chyby (nepiehledny kéd?, preklepy, nechténé
pretypovani atd.), z nichz mnohé vedou na syntakticky spravné,
avsak nechténé konstrukce

pf. A i=5 versus i==5,pf. B: if (a==b); { ... }

» programdatofi nerozumeji beze zbytku viem konstrukcim jazyka
pfix & 1 == 0versus (x & 1) == 0

» preklada¢ muze “chdpat” nékteré konstrukce jazyka jinak nez
Cekd programator, zejména neplynou-li jasné z ISO/IEC C

pf.:int x[4] = {0, 1, 2, 3}, i;
int *p=x+5; /x undef. */
i=1/x[0]; /x undef. «/

2nQpF. http: //www. iocce.org/1984/anonymous/anonymous . c, SOUZ http: //www. ioccc. org/
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MlSR _C - VYSOKE UCENI FAKULTA

“MISRA pro jazyk C” r TECHNICKE INFORMAENICH

VBRNE TECHNOLOGII

IMP - programovani

Problém: Z&dny programovaci jazyk nedokdze garantovat, e fiias e el
A Ze na jeho zdakladé vytvoreny spustitelny program se bude
vzdy chovat presné tak, jak jeho programdtor zamyslel.

Obvyklé pfi¢iny problému a motivace pro MISRA(-C)
» jozyk C md slabou podporu testovdni za béhu (run-time checking) L22)

» programatofi délaji chyby (nepiehledny kéd?, preklepy, nechténé
pretypovani atd.), z nichz mnohé vedou na syntakticky spravné,
avsak nechténé konstrukce

pf. A i=5 versus i==5,pf. B: if (a==b); { ... }

» programdatofi nerozumeji beze zbytku viem konstrukcim jazyka
pfix & 1 == 0versus (x & 1) == 0

» preklada¢ muze “chdpat” nékteré konstrukce jazyka jinak nez
Cekd programator, zejména neplynou-li jasné z ISO/IEC C

pf.:int x[4] = {0, 1, 2, 3}, i;
int *p=x+5; /x undef. */
i=1/x[0]; /x undef. «/

» preklada¢ muze obsahovat chyby

2nQpF. http: //www. iocce.org/1984/anonymous/anonymous . c, SOUZ http: //www. ioccc. org/
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MlSR _C - VYSOKE UCENI FAKULTA

“MISRA pro jazyk C” r TECHNICKE INFORMAENICH

VBRNE TECHNOLOGII

Problém: Z&dny programovaci jazyk nedokdze garantovat,

A Ze na jeho zdakladé vytvoreny spustitelny program se bude

vzdy chovat presné tak, jak jeho programdtor zamyslel.

Obvyklé pfi¢iny problému a motivace pro MISRA(-C)

>
>

>
»

jozyk C ma slabou podporu testovdni za béhu (run-time checking) L22)

programatofi délaji chyby (nepfehledny kéd?, preklepy, nechténé
pretypovani atd.), z nichz mnohé vedou na syntakticky spravné,
avsak nechténé konstrukce

pf. A i=5 versus i==5,pf. B: if (a==b); { ... }

programatofi nerozumeji beze zbytku véem konstrukcim jazyka
pfix & 1 == 0versus (x & 1) == 0

preklada¢ muze “chdpat” nékteré konstrukce jozyka jinak nez
Cekd programator, zejména neplynou-li jasné z ISO/IEC C

pf.:int x[4] = {0, 1, 2, 3}, i;
int *p=x+5; /x undef. */
i=1/x[0]; /x undef. «/

prekladac¢ muze obsahovat chyby
chyby za béhu programu

2

Napf. http://www.ioccc.org/1984/anonymous/anonymous.c, SOUt€Z http://www.ioccc.org/

vestavnych app. v C
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MlSR _C - VYSOKE UCENI FAKULTA

Za&kladni pohled (z hlediska programdtorar) r Ntgpiid

IMP - programovani

é Vyskyt problému Ize vyznamné omezit zizenim vestavnych app, v C
(omezenim) programovaciho jazyka.
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MlSR _C - VYSOKE UCENI FAKULTA

Za&kladni pohled (z hlediska programdtorar) r Ntgpiid

IMP - programovani

é Vyskyt problému Ize vyznamné omezit zizenim vestavnych app, v C
(omezenim) programovaciho jazyka.

» Jednd se o preventivni, aktivni, opatfeni zaloZzené na
tom, Ze jazykové konstrukce potenciondiné vedouci @,
k chybdm nejsou povoleny/doporuceny pfi psani
programu (aplikace “software best practice”).
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MlSR _C - VYSOKE UCENI FAKULTA

Za&kladni pohled (z hlediska programdtorar) r Ntgpiid

IMP - programovani

é Vyskyt problému Ize vyznamné omezit zizenim vestavnych app, v C
(omezenim) programovaciho jazyka.

» Jednd se o preventivni, aktivni, opatfeni zaloZzené na
tom, Ze jazykové konstrukce potenciondiné vedouci MISRA-C
k chybdm nejsou povoleny/doporuceny pfi psani
programu (aplikace “software best practice”).

» Uroven programovdni viak, kromé omezeni jozyka,
zahrnuje dalsi aspekty prispivajici ke snizeni vyskytu
problému, napt. tréning/zkusenosti, programdtorskd
“style guide”, volba prekladace, metriky, . ..
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MlSR _C - VYSOKE UCENI FAKULTA

Zd&kladni pohled (z hlediska programdtora) r TECHNICKE KRNI

» Jednd se o preventivni, aktivni, opatfeni zalozené na

VBRNE TECHNOLOGII

IMP - programovani

é Vyskyt problému Ize vyznamné omezit zizenim vestavnych app, v C
(omezenim) programovaciho jazyka.

tom, Ze jazykové konstrukce potenciondiné vedouci @,
k chybdm nejsou povoleny/doporuceny pfi psani
programu (aplikace “software best practice”).

Uroven programovani viak, kromé omezeni jazyka,
zahrnuje dalsi aspekty prispivajici ke snizeni vyskytu
problému, napt. tréning/zkusenosti, programdtorskd
“style guide”, volba prekladace, metriky, . ..

Pro dosazeni vysoké kvality software je potreba
vénovat obdobné Usili i dalSim aspekilim v kontextu
softwarového inZenyrstvi, napf. dokumentaci procesu
vyvoje, systému kvality dle ISO 9x, projektovému fizeni,
analyze rizik, sbéru pozadavkd, ...
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MlSR _C - VYSOKE UCENI FAKULTA

PF. k pravidliim pro omezeni jazyka C (rules) r Ntgpiid

IMP - programovani
vestavnych app. v C

Rule <number> (<cathegory>): <requirement text>
[<source ref>]
Normative text

MISRA-C

.kde
» <number> je unikdtni oznaceni pravidla (“id skupiny
pravidla” *.” “id pravidla v rdmci skupiny”)

» <cathegory> je jedno z “required”, “advisory”
» <requirement text> je znéni pravidia

» [<source ref>] odkazuje na primdrni zdroj(e)
informaci podporujici existenci daného pravidla

» normative text odlvodnuje existenci pravidla, ilustruje
aplikaci pravidla, shrnuje souvisejici probémy a
navrhuje jejich feSeni
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MlSR _C - VYSOKE UCENI FAKULTA

PF. k pravidliim (skupina 1 - Environment) r ;ECR*:‘”E'C:EECP"':‘?L“D';'I‘IF"'C“

IMP - programovani
vestavnych app. v C

Rule 1.1 (required): Veskery kéd musi byt v souladu
s ISO/IEC 9899:1990 “Programming languages - C” @
pozménéném a opraveveném dle ...

MISRA-C

Rule 1.4 (required): Piekladac/linker musi byt otestovan,
zda u externich identifikatorl rozliSuje mald a velka pis-
mena® a podporuje vyznamnost* na 31 znakd.

3
4

case sensifivity
character significance
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MlSR _C - VYSOKE UCENI FAKULTA

PF. k pravidlim (skupina 2 - Language extensions) r Ntgpiid

IMP - programovani
vestavnych app. v C

Rule 2.1 (required): Zdrojovy kéd v jazyce symbolickych
instrukci musi byt zapouzdien a izolovdn®.

MISRA-C

Rule 2.2 (required): Zdrojovy kéd mlZe obsahovat pouze
komentdre stylu /* ... */.

Rule 2.3 (required): Retézec znaku “/*” nesmi byt pouzit
v komentdfi.

5nc|pf. pomoci makra & ASM/C funkci
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MlSR _C - VYSOKE UCENI FAKULTA

PF. k pravidlim (skupina 3 - Documentation) r Ntgpiid

IMP - programovani
vestavnych app. v C

Rule 3.3 (advisory): Implementace celociselného déleni
prislusnym prekladac¢em by méla byt charakterizovdna,
zdokumentovdna a vzata v potaz.

—5/3=—1,-5%3 = -2
versus
_5/3=-2, 5%3=+1
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MlSR _C - VYSOKE UCENI FAKULTA

PF. k pravidliim (skupina 5 — Identifiers) r ;ECR*:‘”E'C:EECP"':‘?L“D';'I‘IF"'C“

IMP - programovani
vestavnych app. v C

Rule 5.2 (required): IdentifikGtory ve vnitfnim bloku® musi
byt odli$né od identifikatort z vnéjsiho bloku, aby se za-
mezilo pre/zakryvani identifikatort.

intle_t i; /* deklarace “i” z vnéjSiho bloku */

{

intl6_t i; /x deklarace “i” z vnit¥niho bloku =/

Wi/

i=3; /* nemusi byt zrejmé, které

Rule 5.7 (advisory): Zadny identifikator nesmi byt zave-
den opakované’.

struct air_speed { intl6_t speed; /+ knots */ } *x;
struct gnd_speed { intl6_t speed; /+ mph %/ } xy;
x->speed = y->speed; /* knots X mph x/

6
7

rozsahu platnosti, angl. scope
angl. reused
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M |SRA‘C - VYSOKE UCENi FAKULTA

PF. k pravididm (skupina 6 - Types) r receicee [EERMANIE

IMP - programovani
vestavnych app. v C

Rule 6.1 (required): Typ char smi byt pouzit pouze pro
uloZeni a pouziti hodnot znakd.

p‘f ‘A’, \57, ‘\I'l’, wa

Rule 6.2 (required): Typy signed char, unsigned char smi MIERAC
byt pouzity pouze pro uloZeni a pouziti Ciselnych hodnot.

pf: 0, 5, 23, \x10, -3

Rule 6.3 (advisory): Definice typ® indikujici bitovou §itku
typu a jeho bez/znaménkovost musi byt pouzity namisto
zdkladnich typu jazyka.

pf. (ISO/POSIX typedefs):

typedef char char_t;
typedef signed char int8_t;
typedef unsigned char uint8_t;
typedef signed short intlé_t;

typedef unsigned short wuintlé_t;

8 typedef
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MISRA-C

PF. k pravidldm (skupina 8 — Declarations and definitions)

funkce.

Rule 8.2 (required): V kazdé deklaraci ¢i definici objek-
ta/funkci musi byt explicitné uvedeny vsechny typy

pr.:

extern x; /+ implicitni typ (int) =*/
extern intl6_t x; /+ OK %/

const y; /* implicitni typ x/

const intl6_t y; /* OK x/

static foo (void); /% implicitni typ =/

static intl6_t foo(void); /+ OK =/

Rule 8.5 (required): Hlavi¢kovy soubor'® nesmi obsaho-
vat definice objekti/funkci.

Rule 8.1 (required): Funkce musi mit deklarovan proto-
typ® a tento musi byt viditelny jak definici, tak voléni

- VYSOKE UCENI FAKULTA
r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

MISRA-C

91ypicky v hlavickovém souboru

10si0uzi k deklaraci objektu, prototypu funkci, definici typt a maker
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MlSR _C - VYSOKE UCENI FAKULTA

PF. k pravidlim (skupina 9 - Initialization) r Ntgpiid

IMP - programovani
vestavnych app. v C

Rule 9.1 (required): Pouziti proménné musi predchdzet
piirazeni jeji hodnoty.

MISRA-C

Rule 9.2 (required): Nenulova inicializace poli/struk-
tur pomoci zavorek musi odrdzet jejich organizaci a
shodovat se s ni.

pf. k z&vorkovani:

intl6_t y[3]([2]
intl6_t yI[3]([2]

{1, 2, 3, 4, 5, 6 }; /* Spatné =/
2}, {3, 4}, {5, 6} }; /* OK */

o
[y

pf. k ne/nulové inicializaci:

intl6_t x[5] = {1, 2, 3, 0, 0 }; /* OK =/

intl6_t x[5] { 0 1}; /x OK x/

intlé6_t x[5] {1, 2, 3 }; /» nenulovad inicializace */
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MlSR _C - VYSOKE UCENI FAKULTA

PF. k pravidlim (skupina 13 — Control statement expressions) r Ntgpiid

IMP - programovani
vestavnych app. v C

Rule 13.1 (required): Prifazovaci piikaz nesmi byt pouzit
v logickém vyrazu.

MISRA-C
Pl if ((x=y) != 0){ if (x = ) {

if (x !'= 0){ ; 9
£00 () ; foo(); foo();

}

Rule 13.3 (required): Vyrazy nad Cisly s plovouci radovou
¢arkou nesmi byt testovany na ne/rovnost.

Rule 13.5 (required): Tri vyrazy prikazu “for” se musi tykat
vyhradné fizeni smycky.
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M |SRA‘C - VYSOKE UCENi FAKULTA

PF. k pravidlim (skupina 14 — Control flow) TecHNicke JREEREERIEH
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

Rule 14.1 (required): Kazdy kéd musi byt dosazitelny.

Rule 14.7 (required): Funkce musi mit jediny bod
navratu, umistény na konci jejiho téla.

e MISRA-C

Rule 14.8 (required): Pfikaz tvorici télo piikazu “switch”,
“while”, “do ...while” nebo “for” musi byt sloZzeny.

for (1=0; i<=N; i++){ while (new_data_ready)
buffer([i] = 0; process_data();
} service_watchdog () ;

Rule 14.9 (required): Za podminénym piikazem “if” musi
ndsledovat sloZzeny prikaz. Za “else” musi ndsledovat
sloZeny piikaz nebo dalsi “if”.
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M |SRA‘C - VYSOKE UCENi FAKULTA

PF. k pravidliim (skupina 16 — Functions) ;ZCR*L'QC:EC;:;{';';;C"'C“

IMP - programovani
vestavnych app. v C

Rule 16.1 (required): Funkce nesmi byt definovany s
proménnym poc¢tem argumentu.

Rule 16.2 (required): Funkce nesmi, piimo ¢i nepfimo,
volat sebe samu.

Rule 16.8 (required): V§echny ndvratové cesty z funkce
s ne-void ndvratovym typem musi pro navrat explicitné
pouzit piikaz “return” s vyrazem.

Rule 16.10 (required): Vraci-li funkce informaci o chybé,
pak tato informace musi byt testovana.
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- VYSOKE UCENI FAKULTA
r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

Pozndmky k

Pozndmky k
programovani
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Prostredky implementace = VYSOKE UCENT FAKULTA

Stejnou funkcionalitu Ize naprogramovat réizné (PE) r ECRHN'EC::c:#«?meNICH

IMP - programovani
vestavnych app. v C
pf. k nastaveni GPIO vyvodu:

const gpio_input_pin_user_config_t buttons[] = { {
.pinName = BUTO,

.config.isPullEnable = true,
.config.pullSelect = kPortPullDown,
.config.isPassiveFilterEnabled = true,
.config.isDigitalFilterEnabled = true,
.config.interrupt = kPortIntDisabled
Yooeee b

const gpio_output_pin_user_config_t leds[] = { {
.pinName = LEDO,

.config.outputLogic = 0,

.config.slewRate = kPortSlowSlewRate,
.config.isOpenDrainEnabled = true,
.config.driveStrength kPortLowDriveStrength,
Bo coc DE

mentace

const gpio_output_pin_user_config_t buzzer0[] = { {
.pinName = BUZZER,

.config.outputLogic = 0,
.config.slewRate = kPortSlowSlewRate,
.config.isOpenDrainEnabled = true,
.config.driveStrength
by cooc  BE

kPortLowDriveStrength,

GPIO_DRV_OutputPinInit (sleds[0]);
GPIO_DRV_OutputPinInit (sbuzzer0[0]);
GPIO_DRV_InputPinInit (sbuttons[0]);

IMP @ FIT VUT
78 ak. r. 2022,
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Prostredky implementace = VYSOKE UCENT FAKULTA

Stejnou funkcionalitu Ize naprogramovat réizné (SDK) r ;iCR”N”E'C:Em"'::J“L“D”;‘I‘f"'C“

IMP - programovani
vestavnych app. v C

pf. k nastaveni GPIO vyvodU:

typedef struct {
uint32_t +pcr_reg;
GPIO_MemMapPtr gpio_ptr;
uint32_t pinmask;
uint32_t flags;

} LWGPIO_STRUCT, * LWGPIO_STRUCT_PTR;

LWGPIO_STRUCT btn, LWGPIO_STRUCT leds[4];
int btnPressed = 0;

void isr_button(void *pin) {
btnPressed = lwgpio_int_get_flag(&btn);
lwgpio_int_clear_flag(&btn);

}

lwgpio_init (&btn, BSP_BUTTON1, LWGPIO_DIR_INPUT, LWGPIO_VALUE_NOCHANGE) ;
lwgpio_set_functionality (&btn, BSP_BUTTON1_MUX_IRQ) ;
lwgpio_set_attribute (&btn, LWGPIO_ATTR_PULL_DOWN, LWGPIO_AVAL_ENABLE);
lwgpio_set_attribute (¢btn, LWGPIO_ATTR PULL_UP, LWGPIO_AVAL_ENABLE);
lwgpio_int_init (&btn, LWGPIO_INT_MODE_FALLING) ;
_int_install_isr(lwgpio_int_get_vector (&btn), isr_button, NULL);
_bsp_int_init (lwgpio_int_get_vector (&btn), 3, 0, TRUE);
lwgpio_int_enable (&btn, TRUE);

lwgpio_init (sleds[0], BSP_LED1, LWGPIO_DIR_OUTPUT, LWGPIO_VALUE_LOW);
lwgpio_set_functionality (sleds[0], BSP_LED1_MUX_GPIO);
lwgpio_set_value (&leds[0], LWGPIO_VALUE_HIGH);
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Prostfedky implementace

Stejnou funkcionalitu Ize naprogramovat rizné (Mbed)

pf. k nastaveni GPIO vyvodu:
#include "mbed.h"

DigitalOut led_red(LED_RED);
DigitalIn sw2 (SW2);

InterruptIn sw2(SW2);

void check_sw2 (void)
{

if (sw2 == 0) {
pc.printf ("SW2 button pressed.
)

led_red = 0;
led_green = 1;

}

void sw2_release (void) {
led red = !led_red;
printf ("On-board button SW2 was released.
n");

}

int main() {
sw2.rise(&sw2_release);
while (true) ({
}

r

VYSOKE UCENI FAKULTA
TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C
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Prostfedky implementace

VYSOKE UCENI FAKULTA

-
Stejnou funkcionalitu Ize naprogramovat réizné (bez mezivrstev) r TECHNICKE KRNI
V BRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

pf. k nastaveni GPIO vyvodU:

#define GPIO_PIN(x) (1 « x)

bool bit;

SIM->SCGC5 = SIM_SCGC5_PORTB_MASK;

PORTB->PCR[0] = ( PORT_PCR_MUX (0x01) );

PTB->PDDR |= GPIO_PIN(0); // alt. GPIO_PDDR |= ...

PTB->PDOR |= GPIO_PIN(0); // alt. GPIO_PDOR |= ...
GPIO_PDDR |= GPIO_PIN(0);
GPIO_PDOR |= GPIO_PIN(0);

PORTB->PCR[0] = (
PORT_PCR_MUX (0x01) |
PORT_PCR_ISF (1) |
PORT_PCR_IRQC (0xA) |
PORT_PCR_PE (1) |
PORT_PCR_PS (1)

)i

PTB->PDDR &= GPIO_PIN(0); // alt. GPIO_PDDR &= ...
bit = PTB->PDIR & GPIO_PIN(0); // alt. bit = GPIO_PDIR ...

NVIC_ICPR |= ...; // alt. NVIC_ClearPendingIRQ(...)
NVIC_ISER |= ...; // alt. NVIC_EnableIRQ(...)

void PORTB_IRQHandler (void){ ... }
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Informacni zdroje — YSOKE UCEN! [FAKULTA

(neformdlné) r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

ARM®v7-M Architecture Reference Manual
(https://developer.arm.com/documentation/ddi0403/ee/)

(2) Cortex™-M4 Devices Generic User Guide (http://infocenter.arm.com/
help/topic/com.arm.doc.dui0553a/index.html)

(3) Cortex™-MO0+ Devices Generic User Guide (http://infocenter.arm.com/
help/topic/com.arm.doc.dui0662b/index.html)

(4)  ARM® Cortex®-M4 Processor Technical Reference Manual
(http://infocenter.arm.com/help/topic/com.arm.doc.100166_0001_
00_en/index.html)

(5)  ARM® Cortex®-M0+ Processor Technical Reference Manual (http://
infocenter.arm.com/help/topic/com.arm.doc.ddi0484c/index.html)

(6) Dokumentace ke Kinetis® K60 z FITkit3 (MK60DN512VMD100): 100MHz
Cortex-M4 256/512KB Flash (144 pin) (https://www.nxp.com/products/
processors-and-microcontrollers/arm-microcontrollers/
general-purpose-mcus/k-series-cortex-m4/ké6x—ethernet/
kinetis-k60-100-mhz-mixed-signal-integration-microcontrollers-bag
K60_100)

(7)  Kinetis® K60 z FITkit3: Sub-Family Reference Manual (https:
/ /www .nxp.com/webapp/Download?colCode=K60P144M100SF2V2RM)

(8) Kinetis® KLO5 z IMP lab. (MKLO5Z. ..): Sub-Family Reference Manual
(https://www.nxp.com/webapp/Download?colCode=KL05P48M48SF1RM)
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Priklady k programovani . VYSOKE UCENI FAKULTA

Dokumentace r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

Dokumentace k ARM® je decentralizovand - je uzite¢né
védeét, “kde co najit”:
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Priklady k programovani . VYSOKE UCENI FAKULTA

Dokumentace r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

Dokumentace k ARM® je decentralizovand - je uzite¢né
védeét, “kde co najit”:

» Architecture Reference Manual (ARM) ~ 1k stran
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Priklady k programovani . VYSOKE UCENI FAKULTA

Dokumentace r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

Dokumentace k ARM® je decentralizovand - je uzite¢né
védeét, “kde co najit”:

» Architecture Reference Manual (ARM) ~ 1k stran
» Technical Reference Manual (TRM) ~ .1k stran
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Priklady k programovani . VYSOKE UCENI FAKULTA

Dokumentace r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

Dokumentace k ARM® je decentralizovand - je uzite¢né
védeét, “kde co najit”:

» Architecture Reference Manual (ARM) ~ 1k stran
» Technical Reference Manual (TRM) ~ .1k stran
» Device Generic User Guide (DGUG) ~ .25k stran
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Priklady k programovani . VYSOKE UCENI FAKULTA

Dokumentace r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

Dokumentace k ARM® je decentralizovand - je uzite¢né
védeét, “kde co najit”:

» Architecture Reference Manual (ARM) = 1k stran
» Technical Reference Manual (TRM) = .1k stran

» Device Generic User Guide (DGUG) ~ .25k stran
» (Family) Reference Manual (FRM) ~ 2k stran
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Priklady k programovani . VYSOKE UCENI FAKULTA

Dokumentace r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

Dokumentace k ARM® je decentralizovand - je uzite¢né
védeét, “kde co najit”:

» Architecture Reference Manual (ARM) = 1k stran
» Technical Reference Manual (TRM) = .1k stran

» Device Generic User Guide (DGUG) ~ .25k stran
» (Family) Reference Manual (FRM) ~ 2k stran

» -+ dalsi dokumentace (k DPS, SDK apod.)


http://www.fit.vut.cz/study/course/230998/
http://www.fit.vut.cz

Priklady k programovani . VYSOKE UCENI FAKULTA

Vztah dokumentace-programovani r Ntgpiid

IMP - programovani
vestavnych app. v C

... inicializace MCU (viz http:
//www.fit.vutbr.cz/study/courses/IMP/private/
VYUKA/CVICENI_A_ LABORATORE/labl/main.c) e
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Priklady k programovani . VYSOKE UCENI FAKULTA

Nastaveni a start systému/aplikace r ECRHN'EC::cm?meNICH

IMP - programovani
vestavnych app. v C

Cinnosti'! souvisejici s nastavenim systému z pohledu
software:

”zdroj: https://cache.nxp.com/docs/en/quick-reference-guide/KQRUG.pdf?fsrch=1&sr=1&pageNum=1 ° © 20
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Priklady k programovani . VYSOKE UCENI FAKULTA

Nastaveni a start systému/aplikace r ECRHN'EC::cm?meNICH

IMP - programovani
vestavnych app. v C

Cinnosti'! souvisejici s nastavenim systému z pohledu
software:

» Reset a bootovdni

» Zdakladni inicializace v software

1 1zdroj: https://cache.nxp.com/docs/en/quick-reference-guide/KQRUG.pdf?fsrch=1&sr=1&pageNum=1 °
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Priklady k programovani . VYSOKE UCENI FAKULTA

Nastaveni a start systému/aplikace r ECRHN'EC::cm?meNICH

IMP - programovani
vestavnych app. v C

Cinnosti'! souvisejici s nastavenim systému z pohledu
software:

» Reset a bootovdni
» inicializace SP, PC z adresy O resp. 4

» Zdakladni inicializace v software

1 1zdroj: https://cache.nxp.com/docs/en/quick-reference-guide/KQRUG.pdf?fsrch=1&sr=1&pageNum=1 °
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Priklady k programovani . VYSOKE UCENI FAKULTA

Nastaveni a start systému/aplikace r ;EBCRHN'\‘EIC:EECPII:T;.RD%?I'CN[CH

IMP - programovani
vestavnych app. v C

Cinnosti'! souvisejici s nastavenim systému z pohledu
software:
» Reset a bootovani

» inicializace SP, PC z adresy O resp. 4
» béhem a po resetu jsou Cislicové |/O vyvody (vyjma
JTAG) ve stavu vysoké impedance (disabled), ...

» Zdakladni inicializace v software

1 1zdroj: https://cache.nxp.com/docs/en/quick-reference-guide/KQRUG.pdf?fsrch=1&sr=1&pageNum=1 °
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Priklady k programovani . VYSOKE UCENI FAKULTA

Nastaveni a start systému/aplikace r ;EBCRHN'\‘EIC:EECPII:T;.RD%?I'CN[CH

IMP - programovani
vestavnych app. v C

Cinnosti'! souvisejici s nastavenim systému z pohledu
software:
» Reset a bootovani
» inicializace SP, PC z adresy O resp. 4
» béhem a po resetu jsou Cislicové |/O vyvody (vyjma
JTAG) ve stavu vysoké impedance (disabled), ...
» po resetu jsou zakdzana preruseni, hodiny vétsiny
modull jsou vypnuty, watchdog je aktivni, ...
» Zdkladni inicializace v software

1 1zdroj: https://cache.nxp.com/docs/en/quick-reference-guide/KQRUG.pdf?fsrch=1&sr=1&pageNum=1
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Priklady k programovani . VYSOKE UCENI FAKULTA

Nastaveni a start systému/aplikace r Ntgpiid

IMP - programovani
vestavnych app. v C

Cinnosti'! souvisejici s nastavenim systému z pohledu
software:
» Reset a bootovani
» inicializace SP, PC z adresy O resp. 4
» béhem a po resetu jsou Cislicové |/O vyvody (vyjma
JTAG) ve stavu vysoké impedance (disabled), ...
» po resetu jsou zakdzana preruseni, hodiny vétsiny
modull jsou vypnuty, watchdog je aktivni, ...
» Zdkladni inicializace v software

» nulovani registrd ro-r12
MOV r0, #0,

1 1zdroj: https://cache.nxp.com/docs/en/quick-reference-guide/KQRUG.pdf?fsrch=1&sr=1&pageNum=1
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Priklady k programovani . VYSOKE UCENI FAKULTA

Nastaveni a start systému/aplikace r ;iCR”N”E'C:Em"'::J“L“D”;‘I‘f"'C“

IMP - programovani
vestavnych app. v C

Cinnosti'! souvisejici s nastavenim systému z pohledu
software:
» Reset a bootovani
» inicializace SP, PC z adresy O resp. 4
» béhem a po resetu jsou Cislicové |/O vyvody (vyjma
JTAG) ve stavu vysoké impedance (disabled), ...
» po resetu jsou zakdzana preruseni, hodiny vétsiny
modull jsou vypnuty, watchdog je aktivni, ...
» Zdkladni inicializace v software
» nulovani registrd ro-r12
MOV r0, #0,
» povoleni preruseni
CPSIE i

1 1zdroj: https://cache.nxp.com/docs/en/quick-reference-guide/KQRUG.pdf?fsrch=1&sr=1&pageNum=1
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Priklady k programovani . VYSOKE UCENI FAKULTA

Nastaveni a start systému/aplikace r ;iCR”N”E'C:Em"'::J“L“D”;‘I‘f"'C“

IMP - programovani
vestavnych app. v C

Cinnosti'! souvisejici s nastavenim systému z pohledu
software:
» Reset a bootovani
» inicializace SP, PC z adresy O resp. 4
» béhem a po resetu jsou Cislicové |/O vyvody (vyjma
JTAG) ve stavu vysoké impedance (disabled), ...
» po resetu jsou zakdzana preruseni, hodiny vétsiny
modull jsou vypnuty, watchdog je aktivni, ...
» Zdkladni inicializace v software
» nulovani registrd ro-r12
MOV r0, #0,
» povoleni preruseni
CPSIE i
» skok na inicializace dle C/C++

bl start
> ...

1 1zdroj: https://cache.nxp.com/docs/en/quick-reference-guide/KQRUG.pdf?fsrch=1&sr=1&pageNum=1 °
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Priklady k programovani . VYSOKE UCENI FAKULTA

Nastaveni a start systému/aplikace r ECRHN'EC::cm?meNICH

IMP - programovani
vestavnych app. v C

Cinnosti'2 souvisejici s nastavenim systému z pohledu
software:

|
» Aplikacné specifické inicializace (Startup)

uzdroj: https://cache.nxp.com/docs/en/quick-reference-guide/KQRUG.pdf?fsrch=1&sr=1&pageNum=1 °
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Priklady k programovani = VYSOKE UCENI FAKULTA

Nastaveni a start s r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

Cinnosti'2 souvisejici s nastavenim systému z pohledu
software:

| S

» Aplikacné specifické inicializace (Startup)
» Vypnufi watchdog

asm(" CPSID i"); /x disable all interrupts =*/

/* Write 0xC520 to the unlock register =/
WDOG_UNLOCK = 0xC520;

/* Followed by 0xD928 to complete the unlock =/
WDOG_UNLOCK = 0xD928;

/* enable all interrupts =/

asm(" CPSIE i");

/* Clear the WDOGEN bit to disable the watchdog */
WDOG_STCTRLH &= WDOG_STCTRLH_WDOGEN_MASK;

12

zdroj: https://cache.nxp.com/docs/en/quick-reference-guide/KQRUG.pdf?fsrch=1&sr=1&pageNum=1 ° €

IMP - programovani
vestavnych app. v C
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Priklady k programovani . VYSOKE UCENI FAKULTA

Nastaveni a start systému/aplikace r Ntgpiid

IMP - programovani
vestavnych app. v C

Cinnosti'2 souvisejici s nastavenim systému z pohledu
software:

| S

» Aplikacné specifické inicializace (Startup)

» Vypnuti watchdog
asm(" CPSID i"); /x disable all interrupts =*/
/* Write 0xC520 to the unlock register =/
WDOG_UNLOCK = 0xC520;
/* Followed by 0xD928 to complete the unlock =/
WDOG_UNLOCK = 0xD928;
/* enable all interrupts =/
asm(" CPSIE i");
/* Clear the WDOGEN bit to disable the watchdog */
WDOG_STCTRLH &= WDOG_STCTRLH_WDOGEN_MASK;

» Inicializace RAM
» presun dat/funkci z Flash do RAM, ...

>

uzdroj: https://cache.nxp.com/docs/en/quick-reference-guide/KQRUG.pdf?fsrch=1&sr=1spageNum=1 ° © 20
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Priklady k programovani . VYSOKE UCENI FAKULTA

Nastaveni a start systému/aplikace r ECRHN'EC::cm?meNICH

IMP - programovani
b . . v - - P vestavnych app. v C
Cinnosti'3 souvisejici s nastavenim systému z pohledu e
software:
» Aplikacné specifické inicializace (Startup)
> ...

mzdroj: https://cache.nxp.com/docs/en/quick-reference-guide/KQRUG.pdf?fsrch=1&sr=1&pageNum=1 °
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Priklady k programovani . VYSOKE UCENI FAKULTA

Nastaveni a start systému/aplikace r ;EBCRHN'\‘EIC:EECPII:T;.RD%?I'CN[CH

IMP - programovani
Cinnosti'3 souvisejici s nastavenim systému z pohledu e ere vE
software:
» Aplikacné specifické inicializace (Startup)
> ...
» Povoleni hodin porta
SIM_SCGC5 |= (SIM_SCGC5_PORTA_MASK
E ’ éIM_SCGCS_PORTE_MASK ) g

wzdroj: https://cache.nxp.com/docs/en/quick-reference-guide/KQRUG.pdf?fsrch=1&sr=1&pageNum=1 °
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Priklady k programovani . VYSOKE UCENI FAKULTA

Nastaveni a start systému/aplikace r ;EBCRHN'\‘EIC:EECPII:T;.RD%?I'CN[CH

IMP - programovani
vestavnych app. v C

Cinnosti'3 souvisejici s nastavenim systému z pohledu
software:
» Aplikacné specifické inicializace (Startup)
> ...
» Povoleni hodin porta
SIM_SCGC5 |= (SIM_SCGC5_PORTA_MASK
E ’ éIM_SCGCS_PORTE_MASK ) g
» Nastaveni MCG (Multipurpose Clock Generator)
» rezim, referenéni zdroj, frekvence, ... o,

wzdroj: https://cache.nxp.com/docs/en/quick-reference-guide/KQRUG.pdf?fsrch=1&sr=1&pageNum=1 °
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Priklady k programovani . VYSOKE UCENI FAKULTA

Nastaveni a start systému/aplikace r ;iCR”N”E'C:Em"'::J“L“D”;‘I‘f"'C“

IMP - programovani
Cinnosti'3 souvisejici s nastavenim systému z pohledu e ere vE
software:
» Aplikacné specifické inicializace (Startup)
> ...
» Povoleni hodin porta
SIM_SCGC5 |= (SIM_SCGC5_PORTA_MASK
E 'éIM_SCGCB_PORTE_MASK ) g
» Nastaveni MCG (Multipurpose Clock Generator)
» rezim, referenéni zdroj, frekvence, ...
» Povoleni preruseni (pf. pro GPIO PTA4 + Int.Ena.)

PORTA_PCR4 = PORT_PCR_MUX (0x1); // GPIO is altl funct.
PORTA_PCR4 |= PORT_PCR_IRQC(0x9); // on rising EDGE
enable_irg(87); // init. NVIC to enable IRQ

IMP 1T VUT v

wzdroj: https://cache.nxp.com/docs/en/quick-reference-guide/KQRUG.pdf?fsrch=1&sr=1&pageNum=1 °
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Priklady k programovani . VYSOKE UCENI FAKULTA

Nastaveni a start systému/aplikace r ECRHN'EC::c:#«?meNICH

IMP - programovani
Cinnosti'3 souvisejici s nastavenim systému z pohledu e ere vE
software:
» Aplikacné specifické inicializace (Startup)
> ...
» Povoleni hodin porta
SIM_SCGC5 |= (SIM_SCGC5_PORTA_MASK
E 'éIM_SCGCB_PORTE_MASK ) g
» Nastaveni MCG (Multipurpose Clock Generator)
» rezim, referenéni zdroj, frekvence, ...
» Povoleni preruseni (pf. pro GPIO PTA4 + Int.Ena.)

PORTA_PCR4 = PORT_PCR_MUX (0x1); // GPIO is altl funct.
PORTA_PCR4 |= PORT_PCR_IRQC(0x9); // on rising EDGE
enable_irg(87); // init. NVIC to enable IRQ

» Povoleni UART pro termindlovou komunikaci

IMP 1T VUT v

wzdroj: https://cache.nxp.com/docs/en/quick-reference-guide/KQRUG.pdf?fsrch=1&sr=1spageNum=1 ° 0 f Strnadel
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Priklady k programovani . VYSOKE UCENI FAKULTA

Nastaveni a start systému/aplikace r ECRHN'EC::c:#«?meNICH

IMP - programovani
Cinnosti'3 souvisejici s nastavenim systému z pohledu e ere vE
software:
» Aplikacné specifické inicializace (Startup)
> ...
» Povoleni hodin porta
SIM_SCGC5 |= (SIM_SCGC5_PORTA_MASK
E 'éIM_SCGCB_PORTE_MASK ) g
» Nastaveni MCG (Multipurpose Clock Generator)
» rezim, referenéni zdroj, frekvence, ...
» Povoleni preruseni (pf. pro GPIO PTA4 + Int.Ena.)

PORTA_PCR4 = PORT_PCR_MUX (0x1); // GPIO is altl funct.
PORTA_PCR4 |= PORT_PCR_IRQC(0x9); // on rising EDGE
enable_irg(87); // init. NVIC to enable IRQ

» Povoleni UART pro termindlovou komunikaci
» Voldani main()
main () ;

IMP 1T VUT v

wzdroj: https://cache.nxp.com/docs/en/quick-reference-guide/KQRUG.pdf?fsrch=1&sr=1spageNum=1 ° 0 f Strnadel
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Priklady k programovani . VYSOKE UCENI FAKULTA

Prerusent: nastaveni NVIC a modult [* rechmicke irormacnic
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

» pro konkrétni modul je nutno nastavit 3 registry
NVICISERX (NVIC Interrupt Set Enable Register),
NVICICPRX (NVIC Interrupt Clear Pending Register),
NVICIPXxX (NVIC Interrupt Priority).

14 2610): https://cache . nxp.com/docs/en/quick-reference—guide/KQRUG. pdf?fsrch=1&sr=16pageNum=1

m(‘:ésf Interrupt Channel Assignments
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Priklady k programovani . VYSOKE UCENI FAKULTA

Prerusent: nastaveni NVIC a modult [* rechmicke irormacnic
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

» pro konkrétni modul je nutno nastavit 3 registry

NVICISERX (NVIC Interrupt Set Enable Register),
NVICICPRX (NVIC Interrupt Clear Pending Register),
NVICIPXxX (NVIC Interrupt Priority).

» posloupnost krokd'

14 2610): https://cache . nxp.com/docs/en/quick-reference—guide/KQRUG. pdf?fsrch=1&sr=16pageNum=1

m(‘:ésf Interrupt Channel Assignments
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Priklady k programovani . VYSOKE UCENI FAKULTA

Prerusent: nastaveni NVIC a modult [* rechmicke irormacnic
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

» pro konkrétni modul je nutno nastavit 3 registry

NVICISERX (NVIC Interrupt Set Enable Register),
NVICICPRX (NVIC Interrupt Clear Pending Register),
NVICIPXxX (NVIC Interrupt Priority).

» posloupnost krokd'
> Zjisténi Cisel vektoru a IRQ z referencniho manudlu'®
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Priklady k programovani . VYSOKE UCENI FAKULTA

Prerusent: nastaveni NVIC a modult [* rechmicke irormacnic
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

» pro konkrétni modul je nutno nastavit 3 registry

NVICISERX (NVIC Interrupt Set Enable Register),
NVICICPRX (NVIC Interrupt Clear Pending Register),
NVICIPXxX (NVIC Interrupt Priority).

» posloupnost krokd'
> Zjisténi Cisel vektoru a IRQ z referencniho manudlu'®
» volba x registrd a indexu bitu y dle IRQ (x=IRQ/32,
y=IRQ%32); pf. pro IRQ=85 (i ddle): x=2, y=21

14 2610): https://cache . nxp.com/docs/en/quick-reference—guide/KQRUG. pdf?fsrch=1&sr=16pageNum=1

m(‘:ésf Interrupt Channel Assignments


http://www.fit.vut.cz/study/course/230998/
http://www.fit.vut.cz
https://cache.nxp.com/docs/en/quick-reference-guide/KQRUG.pdf?fsrch=1&sr=1&pageNum=1

Priklady k programovani . VYSOKE UCENI FAKULTA

Prerusent: nastaveni NVIC a modult [* rechmicke irormacnic
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

» pro konkrétni modul je nutno nastavit 3 registry

NVICISERX (NVIC Interrupt Set Enable Register),
NVICICPRX (NVIC Interrupt Clear Pending Register),
NVICIPXxX (NVIC Interrupt Priority).

» posloupnost krokd'
> Zjisténi Cisel vektoru a IRQ z referencniho manudlu'®
» volba x registrd a indexu bitu y dle IRQ (x=IRQ/32,
y=IRQ%32); pf. pro IRQ=85 (i ddle): x=2, y=21
» povoleni preruseni

NVICICPR2 |=(1«21); //Clear any pending interrupts
NVICISER2 |=(1«21); //Enable interrupts from module

14 2610): https://cache . nxp.com/docs/en/quick-reference—guide/KQRUG. pdf?fsrch=1&sr=16pageNum=1

m(‘:ésf Interrupt Channel Assignments
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Priklady k programovani . VYSOKE UCENI FAKULTA

Prerusent: nastaveni NVIC a modult [* rechmicke irormacnic
VBRNE TECHNOLOGII

IMP - prpgrcmovdni
» pro konkrétni modul je nutno nastavit 3 registry vesianyen ape: Ve

NVICISERX (NVIC Interrupt Set Enable Register),
NVICICPRX (NVIC Interrupt Clear Pending Register),
NVICIPXxX (NVIC Interrupt Priority).

» posloupnost krokd'

> Zjisténi Cisel vektoru a IRQ z referencniho manudlu'®

» volba x registrd a indexu bitu y dle IRQ (x=IRQ/32,
y=IRQ%32); pf. pro IRQ=85 (i ddle): x=2, y=21

» povoleni preruseni

NVICICPR2 |=(1«21); //Clear any pending interrupts
NVICISER2 |=(1«21); //Enable interrupts from module

» nastaveni priority (xx=IRQ)
NVICIP85 = 0x30; //Prio.=3 (high nibble); low ignored
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Priklady k programovani . VYSOKE UCENI FAKULTA

Prerusent: nastaveni NVIC a modult [* rechmicke irormacnic
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

» pro konkrétni modul je nutno nastavit 3 registry

NVICISERX (NVIC Interrupt Set Enable Register),
NVICICPRX (NVIC Interrupt Clear Pending Register),
NVICIPXxX (NVIC Interrupt Priority).

» posloupnost krokd'
> Zjisténi Cisel vektoru a IRQ z referencniho manudlu'®
» volba x registrd a indexu bitu y dle IRQ (x=IRQ/32,
y=IRQ%32); pf. pro IRQ=85 (i ddle): x=2, y=21
» povoleni preruseni

NVICICPR2 |=(1«21); //Clear any pending interrupts
NVICISER2 |=(1«21); //Enable interrupts from module

» nastaveni priority (xx=IRQ)
NVICIP85 = 0x30; //Prio.=3 (high nibble); low ignored
» vioZeni vektoru do tabulky vektord preruseni
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Priklady k programovani . VYSOKE UCENI FAKULTA

Prerusent: nastaveni NVIC a modult [* rechmicke irormacnic
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

» pro konkrétni modul je nutno nastavit 3 registry

NVICISERX (NVIC Interrupt Set Enable Register),
NVICICPRX (NVIC Interrupt Clear Pending Register),
NVICIPXxX (NVIC Interrupt Priority).

» posloupnost krokd'
> Zjisténi Cisel vektoru a IRQ z referencniho manudlu'®
» volba x registrd a indexu bitu y dle IRQ (x=IRQ/32,
y=IRQ%32); pf. pro IRQ=85 (i ddle): x=2, y=21
» povoleni preruseni

NVICICPR2 |=(1«21); //Clear any pending interrupts
NVICISER2 |=(1«21); //Enable interrupts from module

» nastaveni priority (xx=IRQ)

NVICIP85 = 0x30; //Prio.=3 (high nibble); low ignored
» vioZeni vektoru do tabulky vektord preruseni
» povoleni preruseni (lokdalné) u modulu
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Priklady k programovani . VYSOKE UCENI FAKULTA

Prerusent: nastaveni NVIC a modult [* rechmicke irormacnic
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

» pro konkrétni modul je nutno nastavit 3 registry

NVICISERX (NVIC Interrupt Set Enable Register),
NVICICPRX (NVIC Interrupt Clear Pending Register),
NVICIPXX (NVIC Interrupt Priority).

» posloupnost krokd'
> Zjisténi Cisel vektoru a IRQ z referencniho manudlu'®
» volba x registrd a indexu bitu y dle IRQ (x=IRQ/32,
y=IRQ%32); pf. pro IRQ=85 (i ddle): x=2, y=21
» povoleni preruseni

NVICICPR2 |=(1«21); //Clear any pending interrupts
NVICISER2 |=(1«21); //Enable interrupts from module

» nastaveni priority (xx=IRQ)
NVICIP85 = 0x30; //Prio.=3 (high nibble); low ignored
» vioZeni vektoru do tabulky vektord preruseni
povoleni preruseni (lokdalné) u modulu
» Vv ISR: zamezit reentranci nulovanim priznaku preruseni
u modulu

v

14 2610): https://cache . nxp.com/docs/en/quick-reference—guide/KQRUG. pdf?fsrch=1&sr=16pageNum=1

]5E:ésf Interrupt Channel Assignments


http://www.fit.vut.cz/study/course/230998/
http://www.fit.vut.cz
https://cache.nxp.com/docs/en/quick-reference-guide/KQRUG.pdf?fsrch=1&sr=1&pageNum=1

- VYSOKE UCENI FAKULTA
r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

KDS ocser

Studio


http://www.fit.vut.cz/study/course/230998/
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KDS - VYSOKE UCENI FAKULTA

Prehled r TECHNICKE INFORMAENICH
VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

Kinetis Design Studio (4) ...
» je vyvojové GNU/Eclipse prostredi pro zafizeni na bdzi
MCU fady Kinetis od Freescale/NXP,
» podporuje zarizeni zalozend na Cortex-M,

» infegruje Procesor Expert, Kinetis Software
Development Kit (KSDK), ...,

» podporuje fadu ladicich rozhrani/adaptérd - SEGGER
J-Link/J-Trace, P&E USB Multilink Universal/USB Multilink
Universal FX, CMSIS-DAP ...,

» pro redukci bindrniho obrazu aplikace vyuziva
newlib-nano C runtime library,

» porty pro Windows, Linux, Mac
» nastaveni Semihosting Viz NOPF. sicps: //meuoneetipse . consz015/05/

27/semihosting-for-kinetis-design-studio-v3-0-0-and-gnu-arm-embedded-launchpad/
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IMP - programovani
vestavnych app. v C

Stazeni/instalace
Vytvoreni pracovni plochy (Workspace)
Vytvoreni projektu

» Vybér zafizeni (device)

» Podpora rychlého prototypovani aplikaci (Rapid
application development) pomoci SDK, Processor
Expert, ...

» Volba prekladace/toolchain (GNU C, IAR ARM C, Keil
ARM C/C++,...)

Sestaveni projektu (Building)

» <CTRL+B> pro “Build All”

Nahrdni aplikace do mikrokontroléru
Ladéni (Debugging)

» Volba a nastaveni ladiciho rozhrani - OpenOCD/SDA,
P&E Multilink, Segger J-Link/Trace, ...
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Kinetis

KS D K slszf\t\glgrr?menf

Kit
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Architekturu KSDK tvofi 5 komponent (6):
B Soubory a knihovny v souladu s CMSIS
Ovladace periferi
Implementace a podpora pro RTOS
Stacks and Middleware
B Podpora pro vyvojovou desku a demo aplikace

Application Code

Stacks and Middleware

(Connectivity, Security, Board Support
DMA, Filesystem, etc)

Real Time Kernel 5 )
(FreeRTOS, uC/OS-Il/lIl) Peripheral Drivers

Microcontroller Hardware

zdroj: (6). Kinetis SDK v.2.0 API Reference Manual
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VBRNE TECHNOLOGII

IMP - programovani
vestavnych app. v C

Initialization Device Driver Components
RTOS adaptive drivers
Low power capabilities
Configuration integrated

NOW - Kinetis Platform SDK Drivers supported

CMSIS Headers
CMSIS startup code
Reset register values

Vector Table setup
Peripheral Initialization

Pin Muxing initialization Processor
Knowledge base

>1000 Processors Supported

API Factory

Configuration
Reset fi . Script-based build server
DD;SQ Cfoﬂ '9‘;’3;(;”‘ CMSIS Header files
C:" ';UTE R 31 Party Tools NPI support
In Muxing . Detailed Register files
Device Tree Editor
i : Si Validation scripts
nfiguration
e il [Used by Common Register Repository initiative]

Processor Expert

pfevzato z htt / /www.nxp.com/pages/ —-technical ons-1library:DWFREESCALE_OLL,
Develop with the SDK for Kinetis MCUs (FTF-SDS-F0468)

IMP @ FIT VUT v Brné
75 ak. r. 2022/23
© 2022 Josef Strnadel
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IMP - programovani
vestavnych app. v C

= O %y Processor 32
Esa -

[ Project Explorer % Components - PE 53

4 (= Generator_Configurations
RAM
B FLASH
4 (2 08

4 (= Processors
b & Cpu:MKi 512v1.Q10
> @ CpuMKEDNS12vLQ10

4 (> Components
> (> Referenced Components
> 3 clockMantfsl_clock_manager
> U pin_mucPinsettings

IMP @ FIT VUT v
75 ak. r. 202
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KDS

Processor Expert (llustrace)

Component name | GPIO_LEDS

Component version 13.0

Input pins Output pins

o e p— v p——

VYSOKE UCENI FAKULTA
TECHNICKE

VBRNE TECHNOLOGII

) Companent Inspector - GPIO_BUTTONS 52 |8} Components Library

GPIO_LEDS_OutConfig

Gupstpimsmumber [~ | 4 | =]~ [ v
. Pin Pinvame A
0 ¥ ADCSEV/PTES/ENETO 1566 TMRY/FTM2_FLTO LEDO
17 ADCISEIOPTBA/ENETO 156 TMRFTMIFLTO  LEDI
<

Basic [Advanced | § &
Propertes . Methods | Events
type fikerten OBUTTONS
< A Component version 1.30
Output pins P
put pi 4 Inputpins N =
Output configurations | 1 | |+ Input configuratio| | (Input pins . Output pins | nizaion| 2
4 Outputpins input pins
#  Output configuration Configuration name Output pins number Output configurat|
+ Iniilzation Input configuratons =
o GPIO_LEDS OutConfigd oozt SO !
> - 2
e e (o T [GP05UTONs inpcd
< > 05 sbstaction ly| = KAl
Details for selected row: Inherited components -
Output configuration 0
Configuration name

) Companent nspector - GPIO_BUTTONS £ | Components Library

Properties Methods Events

Basic |Advanced | 1 >

Event module name | Events
“al
Events Eventy
ttem
PORTA IRQ handler
PORTB IRQ handler

generate code/don't generate code
don't generate code.

donit generate code
PORTCIRQhandler  don' generte code
~PORTRURQUZ0M Gk 0 TGRS G
lPORTEIRandI:v generate 1}

LA |
dont generate code
PORTG IRQ handler
PORTHIRQ handler
PORTIIRQ handler

don't generate code

don't generate code

don't generate code. .
<

Detaisforselected ron:

S
<cl| | Coniurtion name G0 BUTTONS inpConigd
T B B
PR ———— -
e s [
3ou s {ieptentingeise b
Companentname. [ BUZZTIVER
Deice Fio

Component version 130

Configurations Pins Intialization . Shared components| Inherited components
Auto initalzation

or Expert

FTM clock source | FTM system clock v | 20972 Mz

Clock source prescaler |1 v oM
BUZZTIMER IntConfigd v

Timer ovelow interupt (]

Fault nterrupt

Init configuration

PWM channel intialization

PWM channels B

= nelpin Pin ~
0 hed 515/ 510-CHIARTCIALWIRS/SRIO-RC:

1@

TSI0_CHS/PTA4/LLWU_P3/FTMO_CHI/NMI_B/EZP_CS b

IMP @ FIT VUT v Brné
ZS ak. r. 2 3

2022 Josef Strnadel
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MCUXpresso

VYSOKE UGENi FAKULTA
viz (7) TECHNICKE INFORMAENICH

VBRNE TECHNOLOGII

IMP - programovani
ece 3 vorkapac - Devlo - kK61 ivr.examples i Jd o e ad DU - MCUXGresso OE vestavnych app. v C
e S S WV > Lif 2i® . . GD -
Qpro 8 7, per lieg .5y = O fpoamg ———
S v VB soofakn
B B o o Do o
" . Thvead 411 (Stopped) (Suspended Breskpos
i) G e utput73 OxB22
o cone-eabi-g0b (7.12.0.20161208)
@ ool ot 1 =
)

int matnCvo
{

B wiogin
ool oo e

example
[Eperioh.systick JLink Debuglaunch
Eloerion systick

INTFC™\P\n GPI0 Or{ver sxomgle\riny;
PRINTFCron The L£0 La” toking turms 20 shine. A

/% Init outout LED GPLO. *
GPI0_Pnln{CBOARD_LED_GPI0, BOARD_LED_GPI0_PIN, Bled_confia);

wite @

o oo v S -5

st0;
R MCUXpresso 0E (ro Edition P10 TogalPinsOutput (BOARD_LED_GP10, 1 << SOARD_LED_GPI0_PIN;
)

-+ Starthr

o . 0 instalied SDKs 52 ] Properties ([ Console (2. Problems [) Memory § instruction Trace L, SWO Trace Config 8D Power Measurement Tool -}
B import SOK example(s). o @ e
© irgort rojec(s) from 1) Name Verien  Locatn UXpresso
& i Hmiea BSOK2xFROMKZSZ 220 8 SOK 2.X FROM-KL26Z "

o Cloan Wamksat g @ 5 SOK 2. FROM-KWa' 2 1 SOK 2 FROMKWaIZ S ormosetra 100

: S Eramples
95 Dabug frmkat o ki
95 Tominate, Buid snl Debug okt

cmsis_drver_exampies
SOK_2.1 FROM-KB2F 2
 SOK 2 MKB3FNTMOOI12  2.20

domo_apps
diver_examplos

1 it k6t criver_examples_ o

® it fromkee o o multicore_examples

Quick Sattings>> ios.exampes

usb_examples

SOK_2.X MKB3FN1MOXx

©w

> devices

prevzato z (7)
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loT devices

——
Device Your
Your software Mbed conneclivity e Web business
Device application LS interface Q
Mbed Secure v, e Cove Web
Petan Cloud Client connedivity ond SDKs applcations

Mbed OS
Device 3rd party
cloud
management
Update

Use Mbed Cloud Client with Mbed OS or
ofher embedded cperaling syslams,
including Linux, fo credte and deploy
products quickly, with update capabilifies

available once your devices ara in the fisld

Mbed Cloud

Identify and connect to any device securely with
Mbed Cloud services and manage them throughout
their lifecycle, including remele software updates.

Web integrations

S,

Integrate your existing applications
and services sasily using Mbed Cloud,
allowing you to build your own
device management inlerfaces and
send relevani device datc to your
own storage.

Mbed

prevzato z (8)
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FreeMASTER https://www.nxp.com/design/
software/development-software/
freemaster-run-time-debugging-tool:
FREEMASTER

SystemView https://www.segger.com/products/
development—-tools/systemview/

uC/Probe http://micrium.com/probe/
uC-Probe-UsersManual .pdf

IAR https://www.iar.com/products/overview/
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Shrnufi

a dalsi harmonogram

Jsou néjaké dotazy, komentdare, nadmeéty ... 7?7
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