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Prekinitve - doqgodki

Optimizacija programske opreme za
ustrezne reakcije na dogodke v

realnem ¢asu:
- dogodkovno vodene reakcije
- ciklicne prekinitve s ¢asovniki

Prozijo se ustrezni Prekinitveno servisni

podprogrami — PSP (ang. ISR)
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Coordinates multiple interrupt sources
* Enable and disable a specific interrupt
= Which one service first (interrupt priority)
* How to locate the corresponding ISR?
How to resume the code that has been suspended?

TUU0000L

NIRRT

Veliko virov (naprav) povezanik na krmilnik (NVIC), ki naprej sporo¢a zahteve na CPE
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Prekinitve - periodiche

Izvedba periodi€nih opravil, kot je
preklop med neodvisnimi opravili:

- Shranimo stanje trenutnega
opravila

- Vzpostavimo stanje naslednjega
opravila

- Izvajamo do naslednje prekinitve

Periodi€no se prozijo ustrezni

Prekinitveno servisni podprogrami — PSP
(ang. ISR) — npr. SysTick_Handler
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Delo na STM32H7 razvojnem sistemu
Prikljucitev : ¥
 Mikro USB priklop na daljsi stranici (nad LCD, srednji !l!) ‘ ‘

Poseben zacetni projekt (github) in info za STM32H7 (e- ucnnlca)
e dodajanje vsebine (Main.s):

E CubelDEWorkspace - stm32h7-asm/Core/Src/Main.s - STM32CubelDE

File Edit Source Refactor Navigate Search Project Run Window Help,
R L LN BT T I
V7Y 8§ =06

TEYE YT HEYOYRU B I Y RE TRy
i Project Explorer % [ Main.s % B startug/ stm32h750xbhx.s
~ U CubelDE_Workspace 12

3/LITLLATTLLEI IR IT I AL P E T LI P I LI 1P T T ]y

19 stm32f4-asm-qemu 14// Definitions

~ i Delo IS //IITEEEEI AT T EEEE AL I LTI T IR I I LTI PP R
= ARM9Template 16// Definitions section. Define all the registers and
[T stm32f4-asm (in STM32AsmTemplate) 17// constants here for code readability.
N . 18
2 ARM9Template.zip 19// Constants o
[ Node_V4 (in node_v4) 28T UK mmmmmmmmees
v 2 Sluzba 21
; 22// Start of dat ti . .
I CAN_IEX Module e o STM32H7508B-DK Discovery kit with STM32H750X8 MCU
~ i ORLab-STM32H7 23 -data
~ [0 stm32h7 24 : T
' stB. asm 25 .align @ | QRLab-STM32H7 - GitHub repozitorij
3 Binaries 26
il Incluctes 27STEV1: .word @xleé  // 32-bitna spr. B User Manual Discovery kit stm32h750xb Uploaded 11/11/22, 10.15
~ (@ Core 28STEV2: .word x40 // 32-bitna spr.
- 29VSOTA: .word e // 32-bitna spr.
& sre 30 ’ B Datasheet_stm32h750xb Uploaded 11/11/22, 10.16
I8 Main.s §
31
¥ & Startup 32// Start of text section ﬁ Reference Manual rm0433-stm32h750xb Uploaded 11/11/22, 10.17
18 startup_stm32h750xbhx.s 33 Jtext
& Debug B4 . ) i Programming_Manual_pm0253-stm32h750xb Uploaded 11/11/22, 10.17
& out 35 .type main, %function
) 36 .global main ﬁ
[ makefile 37 Errata_es0396-stm32h750xb Uploaded 11/11/22, 10.19
E README.md 38 .align
B STM32H750X.svd 39main:
N & STM32H750XBHX_FLASH.Id :‘z ig" r‘l’s =S;EV1 /;fVNE;:,lC"’ od STE‘I”l -> ree -
& STM32H750XBHX_RAM.IA oz rri. [re] sepina iz masiova vor "
& READMEmd 43 ldr r@, =STEV2 // Naslov od STEV1 -> r@
~ = RALab-STM32H7 44 ldr r2, [re] // Vsebina iz naslova v r@ -> r2
[ stm32h7-asm_RA_LED 45
5 README.md :g add r3,rl,r2 // rl + r2 -> r3
[ STM32_USB _Key_AdvDebug 48 ldr r@, =VSOTA // Naslov od STEVL -> r@
[ STM32_USB_Key_FreeRTOS_AdvDebug 49 str r3,[re] // iz registra r3 -> na naslov v r@
= STM32Cubel DE_Adv_Debug 50
1= STM32F4 Discovery VIN Projects 51__end: b __end

rri OR - Organizacija racunalnikov 6


http://www.fri.uni-lj.si/si

rri

>asovniki

::ww: oP,OM 5TP,

PETALREC OF: Db, i,

DL
7 N, WHUE
S e, B iy | ,

[ e

[Eir caoirn

|
{

HEVNZ, VEFN, FIKCLE, 0134

WRTRE_CHA S
MR FLTA )
HRTIM_PLT]SALS

O ED! _QC ']

[0 Do“ﬁ'ilﬂ"l
DFECHY_ CHI4Y

50, SCK PS5, WOLEK, D.Clqi 1) m]

S0, BI. F3, MCLE {xpuu.q:]

BDL B F3. MELK. B3
TR 1| A

[ O =
1 cxrmpd. chan [TIT?_EHIML
1 :m TIRHT_CHA, B :.-.r] TIM1T
1 cmpd cnan [TIAE_CHIN]
I 1 chrn (TIMITE_CHY, BB i AF Tikin I

 opmpl. ahanT!

5 CHi zfj TIMIG
L B -

WOSL WIS, SCK, NS5 |

10 KB SRAM

BPEA2EY

G 1S RBLIS

SO0, 506, 4, WS, WCH, su iR SRIA2E
K2 T E, OTR RTS mAF o, WRARATH
PO T, B0 ST, AT m AP USART1

— e
TIMFAL

Sl =

it ETR AP ¥

ks, ETH ik AF

S04 CK. WS, U.'Jl. A
BCL. S0A, SURAL 35 AF

BOL B0 AL i BF

B S04 S e eF

e I ey

ADCD

L L] BP0 PORTA.

P GPID POATE

=0, 504 P8, WCLA]
Dkt CH3-1] el
CHELE
LFTIMS
VREF
LPTIMS
BYSCFG
LFTIR3
EXTI WHUP
2ce
IWoG
MO, WISD. SCK MIE 1
S00: 508, i, W3, VGK 5 AF L =
Foi, I CK, TS, RTS musF LELIAATT sk
LFTIMzZ

RTC_REFN

VAAT= 101 36V

0T

VUM T
MSvS0638V

OR - Organizacija racunalnikov


http://www.fri.uni-lj.si/si

Prekinitve — STM32

Izvedba periodi€nih opravil, kot je preklop med neodvisnimi opravili:

SysTick_Handler() I I I I I I I

o I I
l

L1

SysTick interrupts | .

|

HE N
L

I
0 T 2T 3T

time

ol 5T 6T
L—;—)
Fixed time interval
A Stacking Unstacking xx::;o;xx :E : gii?
II/ el [L_PC(r15) |SP + ox18
T Descending LR(r14) |SP + ox14
e BX LR Stack rl2 SP + 9x10
time r3 SP + 0x0C
> r2 SP + @x08
rl SP + 9Ox04
SP %V ro Sp
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Ponovitev OR-LAB 9: SysTick+prek.

Vira: Reference & Programming manuals
" e augmented Programming;hg?'lzusas; ‘,’ life.augmented Mt X

h Reference manual
STM32F7 Series and STM32H7 Series Cortex®-M7 processor =
programming manual STM32H742, STM32H743/753 and STM32H750 Value line

advanced Arm®-based 32-bit MCUs

PM0253 Cortex-M7 peripherals
4 Cortex-M7 peripherals 37 High-Resolution Timer (HRTIM) ............ ... ... iiiiinnn. 1371
4.1 About the Cortex-M7 peripherals
The address map of the Private peripherai bus (PPB| 38 Advanced-control timers (T|M1IT|M8) ........................ 1546
Core peripherals PMo0214
39 General-purpose timers (TIM2/TIM3/TIM4/TIM5) . ............... 1650
4.5 SysTick timer (STK)
0xEQ00E 100-0xEQ00E4EF Nested Vectored Interruyj ller Table 40 on page 184 :
0xE000EDO0-0XEQDOED3F | System control block Table 50 on page 192 40 General-purpose timers (TIM12/TIM13/TIM14) ................. 1726
0xEO00ED78- 0xEOOOED84 | Processor features Table 77 on page 217
0xEO000EDS0-0xEQD0EDB8 | Memory Protection Unit Table 84 on page 222
0xEO00EFO00-0xEDODEF03 Nesh?d Vectored Interrupt Controller Table 40 on page 184 41 General-purpose timers (TlM 1 5’T|M1 G’T|M17) ----------------- 1 779
0xEQD0EF30-0xEQQ0EF44 Floating-Point Unit Table 94 on page 233
0xEQ00EFS0-0xEO00EF78 | Cache maintenance operations Table 100 on page 240
OEO00ETI0OEO0EFAT [ Accsss control Toble 104 on page 245 42 Basic timers (TIMB/TIM7) . ........ouurininieananenanananns 1865
Table 71. System timer registers summa .
¥ 9 o & 43 Low-power timer (LPTIM) . ...ttt e e 1878
Required | Reset
Address Name Type ‘q- Description
privilege | value
~ 44 System window watchdog WWDG) .................covuenn. 1907
OXEOOOEO10 | SYST CSR |RW | Privileged | 0x00000004 | SYSTick control and status
register
OxEOQ00EQ14 |SYST_RVR |RW |Privileged |UNKNOWN | SysTick reload value register 45 Independent watchdog (IWDG) .............ccciiieinnnnnns 1913
OxE0QOOE018 |SYST_CVR |RW |Privileged |UNKNOWN | SysTick current value register
OXEOOOEO1C | SYST CALIB |[RO | Privileged | 0xC0000000 i};sT;g!: calibration value 46 Real-time clock (RTC) .......cieiii i i as 1923

rrl OR - Organizacija racunalnikov 9


http://www.fri.uni-lj.si/si

SysTick casovnik + prek. — stanje , nastavitve

Fri

Figure 40. SysTick SYST_CSR bit assignments

31 1T

Reserved

Reserved

=}

=}

o
- —

Ll

1

1

-
COUNTFLAG -r

|
CLKSOURCE Bl
TICKINT
ENABLE

MSV3I66W1

Figure 41. SYST_RVR bit assignments

3 4 23

Reserved 1 RELOAD

MSv3g6a5V1

Figure 42. SYST_CVR bit assignments:

3 24 23

Reserved CURRENT

MSv39694V1

Osnovni reqistri za delovanje SysTick ¢asovnika:

SYST_CSR : vklop ¢asovnika

CLKSOURCE=], TICKINT=1, ENABLE=1
COUNTERFLAG=1, ko presteje do 0 (postavi na SYST_RVR in nadaljuje)
SYST_RVR : zac. vrednost Stetja (Steje proti 0)

SYST_RVR = Stevilo period

SYST_CVR : trenutna vrednost Stevca

SYST_CVR =nekje med SYST_RVRIin O

Ponovitev OR-LAB 9: SysTick+prek.
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S_VS Tick casoVvniK (Reqistri za nastavitve delovanja)

Figure 40. SysTick SYST_CSR bit assignments Ponovitev OR-LAB 9: SysTick+prek.
31 1716 15 qr"z"*l'ﬁ':'“\l
B H H
Reserved : i Reserved : ojlo|o :
i, 1 !
J /

L'r-

\—-
COUNTFLAG CLKSOURCE
TICKINT

EMABLE

MEw3I0E0EW1

Table 72. SysTick SYST_CSR bit assignments

Bits Name Function
[31:17] |- Reserved. -
— . —— Vklop prekinitve
[16] COUNTFLAG Returns 1 if timer counted to 0 since last time this was read.
[15:3] |- Reserved.

Indicates the clock source:
(2] CLKSOURCE |- 0: External clock.
— 1: Processor clock.

o ot -
Enables SysTick exception request:

0: Counting down to zero does not assert the SysTick exception /

request.

1: Counting down to zero asserts the SysTick exception request.
Software can use COUNTFLAG to determine if SysTick has ever counted
to zero.

4

[1] TICKINT

oS T ————
-

\

P

Enables the counter:
[0] ENABLE 0: Counter disabled.
1: Counter enabled.

rri OR - Organizacija racunalnikov 11
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Ponovitev OR-LAB 9: SysTick+prek.

SysTick Casovnik — krmiljenje

Potrebni koraki za krmiljenje ¢asovnika SysTick:

1. SYST RVR (Reload Value Register): Value SYSTICK_RELOAD 1MS

SYST CVR (Current Value Register): 0, reset to zero

3. SYST CSR (Control/Status Register): 0b111 : Proc. Clock, TickInt, Enable
-> Start SysTick B

[
flcikso] Tick | en
1
1

N

URCE INT ABLE

4. Delovanje: A y
Prozenje SysTick_Handler vsako 1 ms

SysTick_Handler :
.global SysTick_Handler
.section .text.SysTick_Handler,"ax",%progbits
.type SysTick_Handler, %function
SysTick_Handler:

push {r3, r4, r5, 1r}

RET: pop {r3, r4, r5, pc}

OR - Organizacija racunalnikov 12
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P re kl n Itve n I Ve kto rl I Ponovitev OR-LAB 9: SysTick+prek.

// Start of text section
.section .text
[ITTT17777 7777777707777 7777777777 777777777777777777777777777777/77777/7/7771777777
// Vectors
[ITTT17777 7777777777777 7777777777777 777777777777777777777777777/77777/7/77717177777
// Vector table start
// Add all other processor specific exceptions/interrupts in order here
.long __StackTop // Top of the stack. from linker script
.long _start +1 // reset location, +1 for thumb mode

.word NMI_Handler

.word HardFault_Handler

.word MemManage_Handler

.word BusFault_Handler .global SysTick Handler

.word UsageFault_Handler .section .text.SysTick_Handler,"ax",%progbits
.word © .type SysTick Handler, %function

.word ©

.word ©

.word © SysTick Handler:

.word SVC_Handler
.word DebugMon_Handler
.word ©

.word PendSV_Handler
.word SysTick_Handler

push {r3, r4, r5, r6, lr}

/* External Interrupts */

.word WWDG_IRQHandler /* Window WatchDog */

.word PVD_IRQHandler /* PVD through EXTI Line detection */

.word TAMP_STAMP_IRQHandler /* Tamper and TimeStamps through the EXTI line */
.word RTC_WKUP_IRQHandler /* RTC Wakeup through the EXTI line */

rri OR - Organizacija racunalnikov 13
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Prekinitve (Register za nastavitve vektorske tabele v RAM pomnilniku)

4.3.4 Vector table offset register

Cortex-M7 peripherals PM0253

The VTOR indicates the offset of the vector table base address from memory address
0x00000000. See the register summary in Table 50 on page 192 for its attributes. The bit 4.3 System control block

assignments are:
9 The System Control Block (SCB) provides system implementation information, and system

control. This includes configuration, control, and reporting of the system exceptions. The

Figure 27. VTOR bit assignments system control block registers are:
Table 50. Summary of the system control block registers
31 98 0 Required Reset o
Address Name Type . Description
privilege value
TBLOFF Reserved
0xEOOOE008 |ACTLR |RW Privileged | 0x00000000 |Auxiliary control register on page 193
MSv30689V1 0xEOQOEDO0 |CPUID RO Privileged |0x410FC270 | CPUID base register on page 194
OxEODOEDO4 |ICSR RW() | Privileged |0x00000000 |Interrupt control and state register on page 194
Table 54. VTOR bit assignments 0xEOO0OEDO8 |VTOR RwW Privileged | Unknown Vector table offset register on page 197
Bits Name Function OxEQ0OEDOC |AIRCR  |RW() | Privileged |0xFA050000 ﬁggg"fé’;’” nterrupt and resst control register on
Vector table base offset field. It contains bits [29:7] of the offset of the table base
31:9] |TBLOFF L
[31:9] from the bottom of the memory map. 192/254 PMO0253 Rev 5 2/
[8:0] - Reserved.

Ponovitev OR-LAB 9: SysTick+prek.

When setting TBLOFF, the user must align the offset to the number of exception entries in
the vector table.

The table alignment requirements mean that bits [8:0] of the table offset are always zero. = =
Dodamo samo, ce poganjamo

-equ VTOR,@xE@0OEDOS kodo iz RAM pomnilnika !!!
RELLOC_VECTBL: Sicer je naslov vektorske
push {re, ri, 1r} ’ tabele 0x08000000 (Flash)

1dr rl, =VTOR // Set Vector table addr. to ©x24000000
ldr ro, =0x24000000
str ro, [ri]

pop {re, ri, pc}

Register Address Value Register Address Value
~ & Control ~ & Control
it ACTLR 0xe000e008 0x1000 it ACTLR Oxe000e008 0x1000
it ICSR Oxe000ed04 0x0 it ICSR 0xe000ed04 0x0
~ WVTOR 0xe000ed08 0x8000000 ‘ ~ W VTOR 0xe000ed08 0x24000000
"t TBLOFF  [7:25] 0x100000 " TBLOFF  [7:25] 0x480000
% TBLBASE  [29:1] 0x0 " TBLBASE [29:1] 0x1

rri OR - Organizacija racunalnikov 14
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SysTick Casovnik s prekinitvami — Mini RTOS

Zacetna koda;

main:

#ifdef RAM LinkScript

// Relocating Vector table to RAM (only for RAM Linker Script)
bl RELLOC_VECTBL

#endif

bl INIT_GPIOs
bl INIT USART3 // Priprava USART3 naprave
bl ITM Init

// MiniRTOS_ Init

// Set new User SP that will be used for user program (MSP is reset default)
1dr re,=USERSTACK_End-4
msr psp, ro

// Set PSP as SP when stacking/unstacking user processes
// Access special registers
mrs r@, CONTROL // Read CONTROL into R@
orr r@, RO, #0x2 // Set SPSEL (PSP to be used in Thread mode) to select PSP
msr CONTROL, r@ // Write RO into CONTROL
isb // Instruction Synchronization Barrier - needed
CPSID I // Disable interrupts
bl INIT_TC_PSP // Initialize SysTick periodic interrupt (every msec)
CPSIE I // Enable interrupts (context switches will happen)
b TASK® Start // Go into first task (it will switch with TASK1 every msec)

__end: b __end

rri OR - Organizacija racunalnikov 15


http://www.fri.uni-lj.si/si

SysTick MINIRTOS — PSP -> Context Switch

SysTick_Handler :

SysTick Handler:
/// STEP 1 - SAVE THE CURRENT TASK CONTEXT
/// Disable interrupts

CPSID I // TASK 1 current
CONT1:
/// Push remaining registers R4 to R11l mov r2,#0 // Task@ is new
// push {r4-ril} str r2,[ro]
mrs r3, psp // move PSP to r3
stmfd r3!, {r4-rll} // Push onto a FD Stack ldr re,=StackPointerl // Store current PSP

str r3,[ro]
ldr re,=ACT_TASKID // Check current Active task ID

ldr ri,[reo] ldr re,=PCBo
cmp rl,#0 ldr ri,=StackPointero
bne CONT1
/// STEP 2: LOAD THE NEW PSP and TASK CONTEXT FROM ITS
// TASK @ current STACK TO THE CPU REGISTERS.
mov r2,#1 // Taskl is new STEP2:
str r2,[ro] ldr r3,[rl] // Read new PSP into r3
ldr re,=StackPointere // Store current PSP /// Pop registers R4-R11
str r3,[ro] ldmfd r3!, {r4-rl1l1} // Load from a FD Stack
ldr re,=PCB1 msr psp, r3 // move r3 to PSP for upcoming task
ldr ri,=StackPointerl
b STEP2 /// Enable interrupts
CPSIE I
BX LR
__|
rri

OR - Organizacija racunalnikov 16
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SysTick MINIRTOS — TaskO, Task1

TASKO_Start:

bl LED1 _ON
mov ro,#e

mov rl,#'1’
bl ITM_Send

mov ro,#'e’
bl SEND_ UART

mov ro,#500
bl DELAY // Zakasnitev SW Delay: r@ x 1lmsec

bl LED1_OFF
mov ro,#e

mov rl,#'0’
bl ITM_Send

mov ro,#500
bl DELAY // Zakasnitev SW Delay: r@ x 1lmsec

b TASKO Start

.equ STACKSIZE , 240 // + 16 registers of PCB

USERSTACK Start: .space (STACKSIZE+16) * 4
USERSTACK_End:

StackPointer®: .word PCBO // PSP for Task®©
StackPointerl: .word PCB1 // PSP for Taskl

ACT_TASKID: .word @ // current process ID (0,1,...)

TASK1_Start:

bl LED2_OFF
mov ro,#1

mov rl,#'+'
bl ITM_Send

mov ro,#'1’
bl SEND UART

mov ro,#500
bl DELAY // Zakasnitev SW Delay: r@ x 1lmsec

bl LED2_ON
mov ro,#1

mov ril,#'-"
bl ITM_Send

mov ro,#500
bl DELAY // Zakasnitev SW Delay: r@ x 1lmsec

b TASK1_Start

STACK1 Start: .space STACKSIZE * 4
// PCB: ISR saves: R4-R11 (8regs), CPU saves: R@-R3, R12, LR, PC, PSR

PCB1: .word 4,5,6,7,8,9,10,11, 0,1,2,3, 12, OxFFFFFFFF, TASK1 Start, 0x01000000

OR _ OTgﬂlTliZﬂCij&l Tﬂé STACK1_End: // was PSP Thumb mode
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SysTick MINIRTOS — TaskO, Task1

TASKO_Start:

b TASK@_Start

.equ STACKSIZE , 240 // + 16 registers of PCB

USERSTACK_Start: .space (STACKSIZE+16) * 4
USERSTACK _End:

StackPointer®: .word PCBO // PSP for Task®©

ACT_TASKID: .word @ // current process ID (0,1,...)

old sp —> SP
SP

Full
Descendin SP
g Stack

+ o+ 4+ o+ o+ o+ o+ o+ o+

New SP —> gp

0x20
ox1C
0x18
ox14
0x10
oxoC
0x08
0x04
0x00

XXXXXXXX

XPSP

PC (ri15)

LR (rid)

ri2

r3

r2

rl

ro

r4-r11:

TASK1_Start:

b TASK1 Start

STACK1_Start: .space STACKSIZE * 4

// PCB: ISR saves: R4-R11l (8regs), CPU saves: RO-R3,
R12, LR, PC, PSR

PCB1: .word 4,5,6,7,8,9,10,11, ©0,1,2,3, 12,
OXFFFFFFFF, TASK1 Start, 0x01000000

STACK1 End: // was PSP Thumb mode

StackPointerl: .word PCB1 // PSP for Taskl

+ Stacking: The processor
automatically pushes these eight
registers into the currently
selected stack before an interrupt

> handler starts

» Unstacking: The processor
automatically pops these eight
register out of the currently
selected stack when an interrupt

j hander exits.

SysTick Handler
dodatno shrani na sklad

mrs r3, psp // move PSP to r3
stmfd r3!, {r4-r11} // Push onto a FD Stack

Kazalca na sklad sta shranjena posebe;:
StackPointere, StackPointerl

rri OR - Organizacija racunalnikov
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Stack Pointer: MSP vs PSP wesauor o

32 bits stacking/unstacking use?

—

~ - Depends on

RO :

= * processor mode: thread vs handler
=2 « setting in the control register

Low < R3
Registers R4

RS General
R6 > Purpose
R7 Register
R8
R9 .
i 32 bits

Rogindn ¢ R10 —

egisters

R11 xPSR
\r el BASEPRI Special
R13 (SP) | R13 (MSP) | [ R13 (PSP) | PRIMASK Purpose
R4 (LK) FAULTMASK Register
R15 (PC) CONTROL

* MSP: Main Stack Pointer (selected at reset)
* PSP: Process Stack Pointer
* In assembly, both MSP and PSP are called R13 or SP

- 19
rrl OR - Organizacija racunalnikov 19


http://www.fri.uni-lj.si/si

SysTick Interrupt

Interrupt Vector Table

PC = Memory Address
0 of SysTick_Handler
Memory Address of

start Main() SysTick Handler

main program

Memory Address of
ADC1_IRQHandler o

void main () {

Interrupt Service Routine (ISR)

void SysTick_Handler ()
{

=

1. Interrupt signal detected.
2. Processor stops main.
3. Auto stacking: PUSH {R0-r3,r12,LR,PC PSR}

Execute ISR

CDHN:UE tp the execution 1. Interrupt returns. Active bits will be cleared.
ot main program 2. Auto unstacking: POP {R0-r3,r12,LR.PC PSR}

0ld SP =3 SP + OXx20 | XXXXXXXX
SP + Ox1C | xPSP |
+ Stacking: The processor
. SP + @x18 |PC (rl5) automatically pushes these eight
Assume SPSEL =1 and no FP is used = User program uses PSP. cul SP + ox14 |LR (ri14) registers into the currently
R ’ selected stack before an interrupt
If the interrupt handler calls Descendin SP + ox1e r12 handler starts
- g Stack
push or pop, the MSP is used. Interrupt SP + @xaC r3 _
. + Unstacking: The processor
Exit v SP + 0x08 r2 automatically pops these eight
Int ¢ Handl SP + 0x04 r1 reg:istctercclyuttof}t(he:urren_th{ ,
nterru andler selected stack when an interrup
I P New SP > SP + 0x00 ro J hander exits.
Interrupt I 1 .
Signal 1 Unstacking
from PSP
User Program : User Program
: Stacking :
! onto PSP ! _
7 7 > Time
Thread Mode 1 Handler Mode 1 Thread Mode

| |
| 1

PSP I MSP i PSP
| i

LR = Some Value ! LR = @xFFFFFFFD : LR is recovered to old

llﬂll Lo

i 20 C e .
OR - Organizacija racunalnikov
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Control Reqister

31 - 3 2 1 0
Reserved FPCA | SPSEL | nPRI
V

By default, MSP is used.

// MiniRTOS_Init

// Set new User SP that will be used f
is reset default)

ldr re,=USERSTACK End-4
msr psp, ro

// Set PSP as SP when
// Access special r

mrs ro@, CONTROL Read CONTROL into RO

orr ro@, RO, #0x2 // Set SPSEL (PSP to be used in Thread

mode) to select PSP
msr CONTROL, r@ // Write RO into CONTROL
isb // Instruction Synchronization Barrier - needed

user program (MSP

acking/unstacking user processes

0. FP inactive (default)
1: FP active

0. SP = MSP (default)

©: Thread mode h

If the interrupt handler calls
push or pop, the MSP is used.

1: SP = PSP ifin Thread Mode

privileged access (default)
1: Thread mode has\unprivileged access

\ Interrupt Handler
Interrupt !

1
Signal 1

User Program

Stacking
onto PSP

Assume SPSEL = 1 and no FP is used = User program uses PSP.

Interrupt
Exit

4

Unstacking
from PSP

User Program

o

Thread Mode
PSP

Handler Mode

MSP

LR = Some Value LR = ©XFFFFFFFD

> Time
Thread Mode

PSP

LR is recovered to old
value

i Al C e .
OR - Organizacija racunalnikoov
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rri

CONTROL reqister

S74

Processor mode and privilege levels for software execution

The processor modes are:

Thread mode

Handler mode

Executes application software. The processor enters Thread mode
when it comes out of reset.

Handles exceptions. The processor returns to Thread mode when it has
finished all exception processing.

PM0253 Rev 5 19/254

CONTROL register

The CONTROL register controls the stack used and the privilege level for software
execution when the processor is in Thread mode and indicates whether the FPU state is
active. See the register summary in Table 10 on page 27 for its attributes. The bit

assignments are:

Figure 7. Control bit assignments

31 3210
Reserved
Frca -
SPSEL
nPRIV
MSv3964 11
Table 10. Control register bit assignments (continued)
Bits Name Function
Defines the currently active stack pointer:
0 = MSP is the current stack pointer.
1] SPSEL 1=PSP is the curn?nt gtack pointer. . .
In Handler mode this bit reads as zero and ignores writes. The
Cortex®-M7 processor updates this bit automatically on exception
return.
Defines the Thread mode privilege level:
[0] nPRIV 0 = Privileged.
1 = Unprivileged.

OR - Organizacija racunalnikov
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rri

ITM Trace - Init

ITM trace enable register (M7_ITM_TER)
Address offset: 0xE00

Reset value: 0x00000000

ITM stimulus register x (M7_ITM_STIMx)
Address offset: 0x000 + x * 0x4 (x = 0 to 31)

Reset value: Undefined

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
STIMULUS[31:16]

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
STIMULUS[15:0]

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
STIMENA[31:16]

w T [ Lo [ [ [ [ [ [ [ oo [ [ [ [ o [

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
STIMENA[15:0]

Bits 31:0 STIMENA[31:0]: Stimulus port enable
Each bit n (0:31) enables the stimulus port associated with the M7_ITM_STIMn register.

ITM trace control register (M7_ITM_TCR)
Address offset: 0xE80

0: Port disabled
1: Port enabled

Reset value: 0x0000 0000

E 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
’ | BUSY TRACEBUSID[6:0]
™w w w w ‘ w ‘ w | w | ™w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
GTSFREQ[1:0] TSP F?_IIEE]CALE SV::E TXENA SEYI‘:\I: TSENA IIETINII\Q
w w w r rw w w w

0: Disabled
1. Enabled

Bit0 ITMENA: ITM enable

Bits 31:0 STIMULUS[31:0]: Software event packet / FIFOREADY

IT™M_

Write data is output on the trace bus as a software event packet. When reading, bit 0 is a
FIFOREADY indicator:

0: Stimulus port buffer is full (or port is disabled)
1: Stimulus port can accept new write data

Init:

push {re, ri, 1r}

1dr
mov
str

mov
str

pop

r@, =M7_ITM BASE // Base address
rl, #ebll
rl,[ro,#M7 ITM TER]

rl, #1
rl,[re,#M7_ITM_TCR]

{ro, ri, pc}

OR - Organizacija racunalnikov
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ITM Trace - Send

ITM_Send:
push {r2, 1r}

ldr r2, =M7_ITM BASE // Base address

cmp ro,#0 // Channel @ °?
bne Chl

str r1,[r2] // Channel ©
b contx

Ch1l:
str r1,[r2,#4] // Channel 1

contx:

pop {r2, pc}
ITM stimulus register x (M7_ITM_STIMx)

Address offset: 0x000 + x * Ox4 (x = 0 to 31)

Reset value: Undefined

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
STIMULUS[31:16]

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
STIMULUS[15:0]

Bits 31:0 STIMULUS[31:0]: Software event packet / FIFOREADY

Write data is output on the trace bus as a software event packet. When reading, bit 0 is a
FIFOREADY indicator:

0: Stimulus port buffer is full (or port is disabled)
1: Stimulus port can accept new write data

rri OR - Organizacija racunalnikov 24
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ITM Reqisters

Cortex-M7 ITM register map and reset values

The ITM registers are located at address range 0xE0000000 to OXxEOOOOFFC, on the AHBD.

Table 609. Cortex-M7 ITM register map and reset values

Offset |Register name| 5| 3 2|2 (K| €| 2 3|2 [8 5|8 2|2 [x| 2|22 o|v|z| 20| |~ |0 |v| <|o|a|<|o
0x000 to | M7_ITM_STIMOD-31 STIMULUS[31:0]
07 | sorve |- [ [-[- [ [ [ LT T LT LT LT
D;fggg’ Reserved
00 M7_ITM_TER STIMENA[31:0]
restoave [ T[T [ [T LT LT LTI
ngg;'é" Reserved
=)
ﬂ
W
M7_ITM_TPR @
0x0E40 2
x
Reset value D|OJO|0
ngé;é" Reserved
_ =)
- % ET %ez%a:{
M7_ITM_TCR @ | TRACEBUSID[6:0] o S WG |E &
OxE80 2 i % Sx|z|e|z
o | g o |5
O | &
Reset value 0 0‘0J0|0|0‘0‘0 0|0 0|_|0 olofolo]o

rri OR - Organizacija racunalnikov
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Fri

CubelDE — SFR okno

" Variables “s Breakpoints “’ Expressions ® Modules = Disassembly " Registers %/ Live Expressions ™ SFRs

All registers

’typp filter text

Register Address
v &2 Control
mt ACTLR 0xe000e008
mt ICSR 0xe000ed04
("~ < i VIOR Oxe000ed08
i » TBLOFF  [7:25)
1 i TBLBASE [29:1]
S = =T =W DENCR~—~ “OxE000dTT
it AIRCR 0xe000edOc
it SCR 0xe000ed 10
it CCR 0xe000ed14
it SHPR1 0xe000ed18
! SHPR2 Oxe000ed1c
it SHPR3 0xe000ed20
it SHCSR 0xe000ed24
mt CFSR Oxe000ed28
it HFSR Oxe000ed2c
! DFSR 0xe000ed30
i MMFAR NvaNNNoA34

0x24000000
0x480000
Ox1

0xfa050000
0x0
0x40210
0x0

0x0

0x0

0x0

0x0

0x0

0x1
M

OR - Organizacija racunalnikov
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Fri

CubelDE — SFR okno

(x)= Variables ®g Breakpo... ¢ Expressi.. ili Registers & Live Ex...

"=, Periphe... @@ SFRs ¢

| Mg Mo M

o

@

type filter text

Register Address

v € Cortex_M7
&4 Cache
&% Control
&% FPE
&% 1D
A ImpDef
&5 MPU

N

Yalue

Bt .
¥ ol Mested Vectored Interrupt Controller registers

URECoUEDTy

5 ann
! STRVR CheeD00e014
i
1]
1

b

STCVR OrceD00=013
STCR (rceD00e01c

>
>

e m———————

B 1 i e it g

e COMPY
My CRS

LR

Cne FOFF
Oxf33b
(4000033

h——————————,

OR - Organizacija racunalnikov
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W

Datoteka Dejanje Pogled Pomoc

CubelDE — Sledenje delovanja «= -« a= = sx.

S Krmilniki shrambe

Name:| stm32h7-asm (1) ¥ Krm!\n!k! UsB ) o
X = [ i Krmilniki za zvok, video in igre
B Main EEVESIGIEY = Startup i Source| D Common | @ COMS3 - Pu Y w Miﬁkeindruge kazalne naprave
~ Type: | Connect under reset > F A A P A A A A e B
01010101010101010101 B Naprave s programsko opremo
Device settings 01010101010101010101¢ ¥ Naprave z univerzalnim serijskim vodilom

@ Omrezne kartice
B prenosne naprave
O Procesorji

[ Racunalnik

Debug in low power modes: Enable 01010101010101010101¢(
01010101010101010101¢

Suspend watchdog counters while halted: |Enable

010101010101010101014

Serial Wire Viewer (SWV) N

4 Enable DLULOLOLOL0L0L01010 L (e R—
— 01010101010101010101¢d B oftware components

Core Clock (MHz): 64.0 1010101010101010101010 -

W Tipkovnice
01010101010101010101¢ § USB Connector Managers
SR ! Varnostne naprave

& Vdelana programska oprema

[ Limit SWO clock
auto detect

Serial Wire Viewer settings forstm32h7-asm (1)

Clock Settings Trace Events PC Sampling
. ) ) ¥l Vnosne naprave (HID)
Core Clock: 64 Mz [ CPI: Cydles per instruction ] EXC: Exception overhead [ ]Enable Resolution: 16384 Cycles/sample .
) _ ) v @ Vrata (COM in LPT)
3 [z 1 SLEEP: Sleep cycles [11SU: Load store unit cycles .
Clock Prescaler: 6 X . .
1 SWO Clock 7kt [[JFOLD: Folded instructions [_] EXETRC: Trace Exceptions [Destamhs W Standard Serial over Bluetooth link (COM4)
: 10666.7 2 . .
lock: 666 z [“] Enable Prescaler: 1 v W Standard Serial over Bluetooth link (COM5)
1 W Standard Serial over Bluetooth link (COME)
Data Trace - . .
9 W Standard Serial over Bluetooth link (COM7)
3 Comparator 0 Comparator 1 Comparator 2 Comparator 3 n . i . )
[ Enable [ Enable [ Enable [JEnable W STMicroelectronics STLink Virtual COM Port (COM3)
Var/Addr: 0x0 Var/Addr: | 0x0 Var/Addr: 0x0 Var/Addr: 0x0 [ Zasloni
Access: | Read/Write Access: |Read/White Access: |Read/Write Access: |Read/Write "l Zvocni vhodi in izhodi
Size: [Word Size: |Word Size: \Word Size: [Word
Generate: Data Value Generate: Data Value Generate: Data Value Generate: Data Value

ITM Stimulus Ports

Enable port: 31 JLIL LI 24 23l ICICICICIE T e s IICILIE T s 7L IC T Ilo

Privileged only ports:[_] Port 31.24 [_]Port 23.16 [ ] Port 15.8 [ ] Port 7.0

Cancel

B Console & SWV ITM Data Console x | @/ Error Log & Problems| © Exec & Console| & SWV ITM Data Console * |2 Error Log & Problems| @ Executables| 0 v

Port 0 Port 1 %

Port 0 x ~_Port 1
e T e e s At s s T st T e e e S e e aah 4

lelelelelelelelelelelelelelelelelelelelelelelele
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Figure 11. PCB layout

i
Prekinitve — Izvedba vec procesov i
P ode
Start . S g registers
Dodana koda 5
r2
Initialization: $ﬁ5—> % i
R12 = PCB pointer I
adr rl2,PCB0+8 @ first process is PCBO
Variables: ..
ACT PROC: .word 0 @ current process ID PCBO, PCB1
PCBO: .word 0, O, 0,0, 0,0, 0,0, 0,0, 0,0, 0,0, 0,0, O @ SPSR,1r, r0-11
PCB1: .word 0b10000, PROC_1, 0,0, 0,0, o,0, 0,0, 0,0, 0,0, 0,0, O @ SPSR,1r, r0-11
CNT_PROC: .word 0 @ counter for process 1

Process ID=1: ..

SPSR ..SR procesa
Ir .. PC procesa

PROC_1: ldr r0, CNT_PROC _ _
add r0, r0, #1 Dodatnlvproce§ ID=1: Osnli)\linl proc.:.es ID=0,
str r0, CNT PROC * Povecevanje CNT_PROC ena .ot prej. .
b PROC 1 - + Utripanje LED diode
- (vzel bo pribl. polovico CPE ¢asa)
(vzel bo pribl. polovico CPE ¢asa)
0b10000 .. Zac¢. SR procesa
(UserMode)
PROC_1 ..Zac. naslov procesa
]
rri

OR - Organizacija racunalnikov
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Prekinitve — |zvedba vec procesov :

Figure 11. PCB layout

r14

r13

start.s:
PSP: ..
IRQ17 Hand:
sub lr,1lr,#4
stm rl2,{r0O-rl11}~*
mrs r0, SPSR

stmdb rl2, {r0, 1lr}
/* servisiraj zahtevo
IRQ17 Exit:

ldr rl12,ACT_PROC
eors rl2, rl2, #1
str rl2,ACT_PROC

adreq rl2,PCB0+8
adrne rl2,PCB1l+8

ldmdb rl1l2, {r0, 1lr}
msr SPSR_cxsf, r0
ldm rl2, {r0 - rll}~*

stmfd rl3!', {1lr}
1ldmfd r13!, {pc}*

Vrnitev

@
¢
@

9

8

7

6

5

r4

r3

[7]

S - :
Shrani registre prekinjenega procesa PCB G

a —lp
pointer T

A =-> Dump user mode registers above R13 SpSr

Pick up the user status register (saved into SPSR)
and dump with return address below sp.

*/

PCBO, PCB1

@ change ID to next process ID:Oalil

@ New proc 0: set rl2 to PCBO
@ New proc 1: set rl2 to PCB1

R12 -> novi PCB

@ Pick up status and return address.

@ Restore the status. Povrni registre

@ Get the rest of the user registers, novega procesa
~ brez pc pomeni user registre

/* na sklad shrani povratni naslov. */

/* vrni se na naslednji proces - prekinjeni program,
~ s pc -> pred tem obnovi CPSR iz SPSR_irqg*/
pred tem obnovi CPSR iz SPSR irg*/

User
mode
registers

Return Address
Status

Fri
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