Maskinorienterad programmering

%¢) CHALMERS

Undantagshantering och interna avbrott

Ur innehallet:
Faults
Software traps

Undantagsprioriteter
Avbrott fran interna systemenheter, (”Systick”)

Malsattningar:
Férklara hur undantagshantering gar till
Implementera en icke-blockerande fordrojning med SysTick

Undantagshantering, klipp 1. 2023:1
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Undantagshantering

“Undantagshantering” ar det sammanfattande begreppet for nar normal
sekventiell exekvering inte kan, eller ska, fortsatta.

Detta ar foranlett av nagon “exceptionell” handelse i systemet.

Ett inledande exempel pa undantagshantering:

Vi vet att ARM-processorns load/store- instruktioner optimerats genom att inte kunna referera word (4
bytes) pa en udda address.

e Men vi kan enkelt skriva ett program som gor det, vad hander da?

@ exception unhandled.asm void main(void)
{
start: int *ip, 1i;
LDR RO,=0x20001001 ip = (int *) ©x20001001;
LDR RO, [RO] i = *ip;
NOP }

Vi demonstrerar med simulator
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start:
Eterm8 [MD407/ST32FA07
LDR RO0,=0x20001001 smél :
I.DR RO RO File Edit View Tools Help
4 [ ] LIouEd | Start Page exception_unhandled.asm <& Debugger
NOP =- F@Ies @ exception_unhandled. a=sm Registers

5. Assembler source B coooooon [ ooooooon PSR 01000000
2+ Loadfile (:£19) start: B oooooooo EJJooonooon  FESE 00000000

Listfile (st) RO, =0x20001001 Joooooooo [N 00000000 MSE 2001C000
&7 Other files RO. [RO] oooooooo  [EBN 00000000 BSE 00000000
=Y (0000000 Al co0o000D  PRIMASE 00000000
3 coooooon g 2001C000  FAULTHASK 00000000
3 coooooon (R FFFFFFFF  BASEFRT 00000000

Ex] vooooooo [ 20000000 cowTROL  oooooooo [ oc

[ GMV GDB-Simserver (MDA07/ST32F407) —

wver Log Target Exceptions

® Mo catch
CPU control/Options -~ Execution contrel/options

S}rstem RESET } bg ll‘:}% — p= .
All [~ Break on IO ‘ {$ = a’ %j l*
[ Break on IRQ

Disassembly

Scroll into view

conteEnts decode
Directories  Fi
Files 20000000 4801 C[PC.#4]

Messages 20000002 6800 .[RO.#07
Mo errors 20000004 (460
20000006 (0000 JRO
20000008 (1001
20000004 2000 L &0
2000000C (Qoa0ao CRO

Output | Console CPU/disassembly | Memaory

Connected to server

MY GOB-Simserver (MDAOTTST32FA07)

r Log Target Exceptions

Mo catch
System
e Al
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void main(void)

File Edit View Search Workspace Build Debugger Plugins Perspective Settings PHP  Help
{ > B o >L v o
int *ip, 1i; - - - -
print_float_binanf\print_float_binaryc X endianunicnendianunionc X exception_unalignediexception_unalignedc
ip = (int *) 0x20001001; s | - X
s ks . 14 =/
1 = 1P, 5 __attribute_ ((naked))
6 __attribute_ ((section (".start_section™)) )
} 7 vold startup ( veid )
8 1
9 __asm__ volatile(" LDR R@,=8x2001C808%n");
GMV GDB-Simserver (MD407/ST32FA07] — 1o | _asm_ volatile(” MOV SP,ROAN");
11 __asm__ volatile(™ BL main\n");
wer Log Target  Exceptions 12 —asm__ volatile(" B .\n"};
13 }
® Mo catch 14
15  void main{void)
System 15 {
All 17 volatile int *ip, 1i;
18 while{ 1 )
13 {
20 | ip = (int *) @x20801801;
21 i=*ip;
MWV GOB-Simserver (MOIOTTST32FA07) 22 ¥
23 }
r Log Target | Exceptions 24 hd
Mo catch Locals  Watches  Ascii Viewer  Call Stack  Breakpoints  Threads  Memory  Oufput  Disassemble hd
System
O &
s Al
Name Value  Type
di 0
Yip OxFFFFF
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Undantagshantering - "exception”

Med “undantag” menar vi olika typer
av handelser:

Applikationskod
"Thread mode”

RESET |

RESET (aterstart):
= power on (kallstart )
= warm reset (varmstart)

<¢——{ EXCEPTION (undantag) |

.~ "Exception entry” (intrade)

"Exception
retumn”
(uttrade)

e FAULT:
= Exekveringsfel — kan inte Kod for undantagshantering
fortsatta Handler mode
e TRAP:

FAULT

= Programmerat avbrott, initierat
av maskininstruktion

INTERRUPT:
= Hardvarusignalerat avbrott

INTERRUPT

"Chained exception” (aterintrade)

Undantagshantering, klipp 2. 2021:1
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Undantagstyper

De olika undantagstyperna har en naturlig, fallande prioritet

T
L » RESET: FAULT: INTERRUPT:
« power on (kallstart) » Hard fault
e warm reset generellt fel INTERNA:
(varmstart) *  Memory . SysTick
T management fault . Watchdog
2 fel anvandning av minne - BefEteisar
1o o——» NMI: * Bus fault
Non Maskable Interrupt exvis obefintligt minne | | "t
« Usage fault
exvis "unaligned” EXTERNA:
* 10-pinnar kan i}
konfigureras som ¥ L
TRAP: avbrottsingdngar  |* 7 "L
«  SVC- instruktion * EXTI(External ,
»  BPKT-instruktion Interrupt) modul = =L
Hogsta :

prioritet Lagre prioritet

>

Undantagshantering, klipp 2. 2021:1
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Exekvering vid undantag

———————

_________

~ - -

RESET-vektor

ROl nitialvarde for MSP R13 (MSP)

Aterstart (Reset aktiverad)

Ladda MSP (Main Stack Pointer) fran adress 0x00
Ladda RESET-vector fran adress 0x04
RESET-hantering exekveras i “Thread mode”
Systemets huvudprogram startas

SANE R

Undantagshantering, klipp 2. 2021:1
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A
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Undantagsvektor

Nagot undantag intraffar

®

e Pagaende instruktion utfors klart

e \ektortabellen adresseras

Den specifika undantagsvektorn hamtas
gndantagshantering | “Handler Mode”
Atergang efter undantagshantering "Thread

Mode"
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Vektortabellen

Anger position for de
olika
undantagsvektorerna.

De 16 forsta
positionerna ar samma
for alla Cortex-M4.

Resten av tabellen ar
specifik for den aktuella
microcontrollern.

Undantagshantering, klipp 2. 2021:1
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\

IRQ | priority |name description vector offset
num
- Reserved for initial stack pointer 0x0000 0000
- |fixed, -3 |Reset Reset 0x0000 0004
-14 | fixed, -2 |NMI Non maskable interrupt. The RCC Clock Security System  |0x0000 0008
(C5S5) is linked to the NMI vector.
-13 | fixed, -1 |HardFault All class of fault 0x0000 000C
-12 | settable |MemManage Memory management 0x0000 0010
-11 | seftable |BusFault Pre-fetch fault, memory access fault 0x0000 0014
-10 | seftable |UsageFault Undefined instruction or illegal state 0x0000 0018
. . Reserved 0x0000 001C - 0x0000 002B

-5 | settable |SVCall System service call via SWI instruction 0x0000 002C
-4 | settable |Debug Monitor Debug Monitor 0x0000 0030

- - Reserved 0x0000 0034 )

-2 | settable |PendSV Pendable request for system service 0x0000 0038 /

L seftable |SysTick System fick timer 0x0000 003C /_
0 | settable (WWDG Window Watchdog interrupt 0x0000 0040
1 | settable |PVD PVD through EXTI line detection interrupt 0x0000 0044
2 | settable |[TAMP_STAMP Tamper and TimeStamp interrupts through the EXTI ling 0x0000 0048
3 | settable |RTC WKUP RTC Wakeup interrupt through the EXTI line 0x0000 004C
4 | settable |[FLASH Flash global interrupt 0x0000 0050
5 |settable |RCC RCC global interrupt 0x0000 0054
6 | settable |[EXTIO EXTI LineD interrupt 0x0000 0058
7 | settable |[EXTIM EXTI Line1 interrupt 0x0000 005C
8§ | settable |[EXTIZ EXTI Line2 interrupt 0x0000 0060
9 | settable |[EXTI3 EXTI Line3 interrupt 0x0000 0064
10 | settable |[EXTI4 EXTI Line4 interrupt 0x0000 0068
11 cattahla IMMA1 Qtroamin NkAA1 Straam alahal intarrint Mwninnin NnRee
rd Seldpie T E T CIYPLO Qiopel imienmupt UXUUUY UL
80 | settable |[HASH_RNG Hash and Rng global interrupt 0x0000 0180
81 | seftable |FPU FPU global interrupt Ox0D000 0184
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Undantagshantering -
detaljerna

EXCEPTION (FAULT,
TRAP, INTERRUPT)

Kod fér undantagshantering
"Handler mode”

[ 1
[ |
I |
I |
[ |
I |
J |

Applikationskod

Maskinorienterad programmering

“Intradet” hanteras automatiskt av processor.

“Uttradet” initieras och handhas av programvaran
(undantagsrutinen)

Uttrade:

Aterstill avbruten processorstatus)
(“restore context”)

Aterstall PC. Det speciella EXC_RETURN
vardet som d@ hamnar i PC avkodas.

Registerinnehall aterstéllls da fran stacken
varvid PC far ratt aterhoppsadress.

"Thread mode”

"Exception "Exception
entry” return”
(intrade) (uttrade)
Intrade:
Spara aktuell processorstatus (“'save context”),
dvs.

~ Spara registerinnehall pa stacken

—  Satt nytt speciellt innehall i LR (EXC_RETURN)
baserat pa processorstatus

Andra processorstatus for undantagshantering
- Satt undantagsnummer i PSR
- Placera undantagsvektor i PC

Undantagshantering, klipp 3. 2021:1

Flyttal aktiverat | Flyttal j
Anvant aktiverat
stackutrymme Ater till handler mode — OxFFFFFFE1 0xFFFFFFF1
anvand main stack
xPSR(bit9=0) Ater till thread mode — OxFFFFFFE9 0xFFFFFFF9
turadres anvand main stack
Minskande returadress Ater till thread mode — OxFFFFFFED |O0xFFFFFFFD
adress LR anvand process stack
R12
R3 EXCEPTION RETURN WORD
R2
R1
[ SP(R13) |- RO
E R EE i R R El R A B E B R EE R B B E A BB HE I RN
HHEEE [ ANSR
U 15R_NUMBER IP4R
[ieuT [7] AN SR
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Stacken | avbrottsfunktionen Ej aktiverad flyttalsenhet
Anvant Anvant
stackutrymme stackutrymme
Anvant
stackutrymme KPS R(bit9=0}
| SP(R13) || Sist ill stacken _ returadress _ xPSR(bit9=1)
Minskande LR Minskande returadress

adress R12 adress LR

R3 R12

R2 R3

R1 R2

| SP(RI3) | P RO R1

SPRI3) |9 RO

Minskande
adress

Fore avbrott

Processorn fyller automatiskt ut med 4 bytes om detta skulle kravas for att SP ska innehalla adress
pa adress jamnt delbar med 8. Detta indikeras med att bit9 i PSR satts till 1.

Undantagshantering, klipp 3. 2021:1
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Atergéng fré_n avbrott Vardet som laddas i PC anger

detaljerna for aterstallning efter avbrott

EXEC RETURN WORD

ey
FTyttar OaRcrveToc

44
TTyttOr CJ ORCIvCToc

Ater till handler mode — anvind main stack OxFFFFFFE1 OxFFFFFFF1
Ater till thread mode — anvind main stack OxFFFFFFE9 OxFFFFFFF9
Ater till thread mode — anvand process stack OxFFFFFFED OxFFFFFFFD

] Kan atervéanda fran avbrott med féljande instruktioner da PC laddas
med “det magiska vardet” OxFFFF_FFFX

e LDM/POP da PC ingar i registerlistan
e BXLR mest vanligt, typiskt retur fran en subrutin
[ Om inga ytterligare avbrott avvaktar:
e aterstalls stack och tillstand baserat pa EXC_RETURN
] Om avbrott avvaktar:
e aterstallning av stack/tillstand férdréjs (“tail-chaining”)
 avvaktande avbrott betjanas

Undantagshantering, klipp 3. 2021:1

(EXC_RETURN)
avgor hur stack och
processortillstand
aterstalls efter
avbrott
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Tilllverkar- ~ 1EFE FEEE

Relokering av vektortabellen = o e

Periferibuss 2001 c£00 stack och data
____________ £000 0000 5001 COFF e ——— e
DEEE FEEE 2 avbrottsvektarer
Externa 588 [R——
enheter
° . %QMLQQQU
Vektortabellen startar pa address O i Extont
: : . RAM-
minnet (Alltid Read Only-minne) .... Resenerat 1

5000 0009

applikationen
SFFF FFEE

4000 00030

20000000

... men kan relokeras sa att
vektorerna hamnar i RWM, exempelvis:
#define SCB VTOR ((volati
*SCB_VTOR = 0x2001C000;

/

€ unsigned long *)OxEOQOOEDOS8)

Exempel' 1) S LLALT= TWIETTITVIATTSALE TRTETTIOTY TN It AL T Ty
. ' 1 settable | BusFault Pre-fetch fault, memory access fault 00000 Sk
|n|t|e|’a avbrottsvektor 2 seftable | UsageFault Undefined instruction or illegal state 0x0000880018

“ » . . . Reserved 0x0000 Nee?
usage fault 0x0000 0028
3 settable | SVCall System sepvicecall via SWI 0x0000 002C

void usage fault _handler(/void );

*((void (**)(void) ) ©x2001C018 ) = usage fault handler;

Undantagshantering, klipp 3. 2021:1
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void usage fault handler( void )
{ File Edit View Search Workspace Build Debugger Plugins Perspective Settings PHP  Help
}Whlle(1)5 > @I O >L v 2 S
exception_unaligned_handled\exception_unaligned_handledc . A
void main(VOid) ;; Eoid usage_fault_handler( void ) ”
{ 21 while(1) ;
volatile int *ip, i; 2
*((void (**)(void) ) ©x2001C018 ) = usage fault handler; 24
. 25 P void main(void)
while( 1 ) 2% |
{ 27 wvolatile int *ip, i;
. . 28 F((void (**)(void) ) ex2e01C618 ) = usage_fault_handler;
ip = (int *) 0x20001001; 29 while( 1)
S ke 30 {
1 1P5 31 ip = (int *) ox28e0l@01;
} 3z i = *ip;
} 33 }
34 }
35
36 s
‘ _ Locals Watches  Ascii Viewer Call Stack  Breakpoints Threads Memory QCutput  Disassemble W
GMY GDB-Simserver (MDA07/5T32F407) —
log T i o4&
wer Log  Target | Exceptions
Name Value Type
® Do catch ] .
i
System Yip 0x0

All

Undantagshantering, klipp 3. 2021:1
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. Flera samtidiga avbrott:
Avbrottsprlorltet pending, active och prioriteter
% — Ett avbrott upptrader och
ponding betjanas
active 2
active 7 wctive 7 Avbrott 2 har hogre prioritet,
» Ytterligare “context switch”
pending 1 pending 2
Avbrott 2 har lagre/samma prioritet,
meive ] oive 2 “tail-chained” interrupt
_ | >

pendng ! pending 2 Vi demonstrerar med simulator

Undantagshantering, klipp 4. 2021:1
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Avbrottsprioritet

% Avbrott 2 har lagre/samma prioritet, B LN IE e e R L. N W g
i — — i “tail-chained” interrupt File Edit View Search Workspace Build Debugger Plugins Perspective Settings PHP Help
= - >DEI & >L Vv 22 o
priorities\priorities.c . v
void svc _irg handler( void ) ‘ N
{ | //#define USE_PRIORITIES
out7seg( 1 ); ® void main(void)
SET SYSTICK IRQ PENDING; [ {
out?seg( 3 7 - *GPIO_D_MODER = @x20@85555;
! *GPIO_D_OTYPER= 0x00000000;
} ) ) ) ) #ifdef USE_PRIORITIES o — X
void systlckiquihandler( void ) SET_SVC_PRIORITY(@xF); ]
{ SET_SYSTICK_PRIORITY(3); Variant
out7seg( 2 ); #else
} SET_SVC_PRIORITY(@);
) ) ) SET_SYSTICK_PRIORITY(®);
void main (void) #endif
{
.. *((void (**)(void) ) ex2ee1Ce38 ) = svc_irq_handler;
SET SVC PRIORITY (0); *((void (**)(void) ) ©x2e01C83C ) = systick_irq_handler;
SET SYSTICK PRIORITY (0); while( 1 )
while( 1 ) | {
{ out7seg( @ );
out7seg( 0 ); SET_SVC_IRQ_PENDING;
SET_SVC_IRQ PENDING; ; SEREscEL
out7seg( 4 ); L
} v
}

Har ska sifferféljden: 0,1,3,2,4
skrivas till 7-segmentsdisplayen

Undantagshantering, klipp 4. 2021:1
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Avbrottsprioritet
N

active 1 [active 7] Avbrott 2 har hogre prioritet,

! » Vyiterligare “context switch”
pending 1 | pending 2

Maskinorienterad programmering

void svc_irg handler( void )
{
out7seg( 1 );
SET SYSTICK TIRQ PENDING;
out7seg( 3 );
}
void systick irg handler( void )
{
out7seg( 2 );
}
void main (void)
{
SET SVC PRIORITY (OxF) ;
SET SYSTICK PRIORITY (3);
while( 1 )
{
out7seg( 0 );
SET SVC_IRQ PENDING;
out7seg( 4 );
}
}

File Edit View Search Workspace Build Debugger

DIl e >L v

pricrities\pricrities.c .

#define USE_PRIORITIES
’ void main(wvoid)
{
*GPID_D_MODER = @x80885555;
*GPIO_D_OTYPER= @x@ea2@0aae;
#ifdef USE_PRIORITIES
SET_SVC_PRIORITY(@xF);
SET_SYSTICK_PRIORITY(3);
#else
SET_SVC_PRIORITY(@);
SET_SYSTICK_PRIORITY(2);
#endif

*((void (**)(void) ) @x2001C035 )
*((void (**)(void) ) @x2801CA3C )

while( 1 )

1
out7seg( @ );
SET_SVC_IRQ_PENDING;
out7seg( 4 );

Plugins Perspective Settings

sve_irg_handler;
systick_irq_handler;

PHP Help
w
A
ny— *
Variant
]

Har ska sifferféljden: 0,1,2,3,4
skrivas till 7-segmentsdisplayen

Undantagshantering, klipp 4. 2021:1
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Speciella register Exempel

anvands for att ange: void _ setCONTROL( unsigned int val)
{

: ~
* Om flyttalsprocessor ska aktiveras _asm_ volatile (" MSR CONTROL,RO\n");

e Vilken stack som anvands _ el
* Vilket exekveringstillstand som \

anvands

-

* Om undantag/avbrott ska betjanas

a1 (3029 2a (a7 |26 [25Yeq2a ez [at 2o s ra[1r e [1sfara iz e a (e [ [6 [s [a Ya e [1]o

NlZ|C|V]a \ APSR
| ISR_NUMBER IPSR
[IENT]T] T \ EPSR

31 (30|29 |28 (a7 |26 |25 |24 {232z [21 J2o [1e(ta [17 e [1BRa [1a 12|11 o] o [ 8 [ 7 [6 [ s [4 a2 [1]0
Fs CONTRPL |

at|3o2g]2alay [2e]2s [2d [2a]ez (2 [ao e [ra a7 e 15 14 12 [12[11 [10] ’y}ﬂ’l’ﬁ“ [3]2]1

1

o

Wl FRIM -!«SR\]

31 (30|29 |28 (a7 |26 25 |24 {232z [21 J2o e ta 17 e 15 [ara iz o g [e {76 [s[a [a]2[1]0
M | FAULTMASK |

a1 (3029 ealar |26 25 |24 [2a]zz [ar 2o e [ra[1r e [1sfara iz el o P 7 6 [s [a [ae[1]o

SREIOAITY aasgpAl |

Undantagshantering, klipp 5. 2021:1
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Maskera undantag e A s
Man kan undvika problematiken med avbrottsprioriteter: i - /3 — ; FAULTNASK |
Iundantagsrutlnen kan man tillfalligt hoja den egna prioriteteni E ?IEM’/ 3k fln
hogsta niva genom att satta prioritetsmasken i PRI till 1. PEHORNY BASEPRI |

Undantagsrutinen maste da ocksa aterstélla prioritetsmasken till 0 innan/atergang.

| annat fall kommer alla framtida avbrott att blockeras.

void disable fault( void )

{
}

_asm__

volatile (" CPSID F\n");

void enable fault( void )

{
}

_asm__

volatile (" CPSIE F\n");

void irg handler( void )
{
disable_interrupt();
enable interrupt();
}

Undantagshantering, klipp 5. 2021:1
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Processorns olika tillstand

= Handler (undantagshantering)/Thread mode (normal exekvering),
skots automatiskt av processorn.

For att underlatta konstruktion av operativsystem finns ocksa:

= Privileged/Non-privileged state, kan programmeras. | Non-
priveleged state fungerar priviligierade instruktioner som NOP.

= Main stack/Process stack — kan programmeras, processorn
anvander olika fysiska register (MSP eller PSP) som stackpekare.

Operativsystemets programvara (kernel) exekveras med alla resurser
tillgangliga (priviligierat).

Applikationsprogrammet exekveras i en begansad miljo (icke
priviligierat), dvervakad av kernel.

Undantagshantering, klipp 5. 2021:1
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privileged
(kernel,
supervisor)

kernel

startar
process

undantag

non privileged
(task, process)
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SVCall (SuperVisor Call)

Hesened

Maskinorienterad programmering

PSR
returadress
LR Aiikﬁ\\\\\..h
UxuuoD gL -1 R12 next OP | SVC x

5 | seflable |SVCall

System service call via SWI instruction

A | zaahla INahon Manitar

Makaw Mandar

En software trap instruktion for att
utfora inbyggda funktioner.

* Ger en kontrollerad vaxling mellan non-
privileged och privileged mode.

e Kompakt satt att utfora funktion

@ SVC, SuperVisorCall

__attribute__ ((naked))
void graphic_initalize(void)

{

__asm volatile (" BX LR\n");
}

operationskoden ar OxDFxx, dar xx utgor konstanten

__asm volatile (" .HWORD ©xDFF@\n");

Undantagshantering, klipp 5. 2021:1

0x0000 002C Minskande R3
N e adress R2
R1

[ sPR13) PP RO

static __attribute__ ((naked))
void svcHandler( void )

{

__asm volatile("™ MOV RO,SP\n");
__asm volatile(" B os_call\n");
__asm volatile("™ .ALIGN 2\n");

}

void _graphic_initalize( void );

void _graphic_clear_screen( int x, int y);
void _graphic_pixel_set( int x, int y);
void _graphic_pixel_clear( int x, int y);

void os_call( unsigned int * call_args)
{
unsigned int oscall = ((char *) call_args[6]) [-2];
switch( oscall )
{
case OxFO: _graphic_initalize(); break;
case OxF1l: _graphic_clear_screen(); break;
case OxF2: _graphic_pixel_set(call args[©],call args[1l] )break;
case OxF3: _graphic_pixel_clear(call _args[0@],call _args[1l] )break;

20
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(M i FLAM B4 KB P, Extarnal mamery | S, RSy AR
el d i | FE M) A M rpin, ces, me
JRcAsw] e l:qh!:' EFLAM, PERAM, MOR Flach LS, M, Hrwg,
I l e r a- aV ro ETM | WAC PO Card (BTK) MBMID Flash AT T, T
O, | Y
I I nmm [Ipe————
AR Comxidd d 7| —
68 MHE emmpt 2
Fru X M N Flaatt
e w ¥ ﬁ w e
e ) ‘. = .._..._,.T_l Etfvarvl MAC | \maw [ AL 1ME s |
STM32F405xx e o | No—=3 4 o comen [,
l A 1 LA T EE | 2 FU DK, O
. augment U= =
Y7 e cvamerrea STM32F407xx R .{| fl orans | ep—ald Interna avbrott
[ —— H —_
ARM Cortex-M 32b MCU+FPU, 210DMIPS, up to 1MB Flash/192+4KB RAM, USB — > A erna avoro S
- FED ‘r-_- 0
OTG HS/FS, Ethemet, 17 TIMs, 3 ADCs, 15 comm. |ntﬁ§t_:eii$r:ir: e e ; = fra na nd ra kretsar
P . . X1= LA e MY
-
B ICIOCIPWM or pulse counter and quadrature h d t
“ E (incremental) encoder input /- I e nC I S a Orn . e e
\ B + Debug mode
LLQQFF;I?JIR&P 1&mm]] — Serial wire debug (SWD) & JTAG =
x 14 mm] i
WLCSPE0 FEGMTE interfaces Sep—
LGFP 17 54 2 o (e — Cortex-M4 Embedded Trace Macrocell™ . s LA = [e=t
« Upto 140 D ports with interrupt capability Externa avbrott —Via g _
— Up to 136 fast WOs up to 84 MHz
Features P P o e
— Upto 138 5 V-tolerant I/0s . 0 A i B it
» Core: ARM 32-bit Cortex™-M4 CPUwith FPU,  » Up to 15 communication interfaces tp f g s e
Adaptive real-ime accalerator (ART ) — Upto 3 x I2C interfaces (SMBus/PMBus) por Innar 1ran " _
#&?ﬂe'ggﬁf;g nﬂ?“'ﬁ“gqm‘ i‘ﬁtti %EBCNURE";‘ — Upto4 USARTs/Z UART: (10.5 Mbits, 1SO " mmn -
memory protection urit, 210 MIPS/ ' 681;'?$°EAEIEE!SA'?W wfdd] kretsar Uta nfor =g TRT s
1.25 DMIPS/MHz (Dhrystone 2.1), and DSP - up 55( its/z), 2 with mux i
instructions full-duplex | 'nttD ac?lﬁ_ﬁl&d&cla:ﬁm | . P g g =]
. aceuracy via intemnal audio or external e
. Vemores = enchipsdatorn.
- Upto 1 Mbyte of Flash memory — 2 x CAN interfaces (2.0 Active) Ay -
— Upto 192+4 Kbytes of SRAM incluging 64- _ SDIO interface me
%ﬂ of CCM (core coupled memory) data « Advanced connectivity \
" . — USB 2.0 full-speed device/host/OTG
— Flexible static memory controller - - = 4 simernis, B AR
supparting Compact Flash, SRAM, wrltrollerm on-chip PHY
PSRAM, NOR and NAND memories - USB 2.0 high-speedfiull-speed — = 4 chmrmin,
+ LCD paraliel intsrface, 80B0/EE00 modes gﬁ,‘“ﬁmm_chﬂgﬁl_‘;“mmd'g’ﬁgn%eﬂ'fg‘,e" o - o T = oeein 8
+ Clock, reset and supply management - 10/100 Ethemnet MAC with dedicated DMA. i —< TiNE o Fr—
— 1.8V to 3.6V application supply and 1/0s supports IEEE 1588v2 hardware, MIRMII I, £ s AFONL |AMDAFTH T N
- POR, PDR, PVD and BOR s+ - to 14-bit parallel camera interface up to A . s TRATY_FSHY L 8, = =
— 4-10-26 MHz crystal oscillator 4 Mbyteals sk s S L T T - e E——
- !ané;f};laﬂ{l:;F MHz factory-timmed RC (1% s True random number generator A g, i TRATY_EHI[L 8, - :- SR - R
. _ i [ CHI L B,
— 32 KMz oscillator for RTC with calioration » CRC calculation unit e USARTE i
_ Internal 32 kHz RC with calibration *  96-bit unique 1D bt T == w1
- anl hard, I 3 4
+  Low power + RTC ond : ST—— £ * = :“I"'“””
— Sleep, Stop and Standby modes ] 2 T i | B =
— Vg supply for RTC, 20x32 bit backup Table 1. Device summary s i pang i TAHE f—
registers + optional 4 KB backup SRAM Rataranca Fart numbsr I ] TSI e
s 3x12-bit, 2.4 MSPS AD converters: up to 24 STMEZFA0SRG, STMAZFADSUG, STMIZFASZGE, - fLrd e
channels and 7.2 MSPS in triple interleaved STMIIFADN0 | sryzora0s0G, STMAZFEIS0E o e TS b : EET=E e
mode
STMIZFADTVGE STMIZFAITIG STMI2FA0TZG, T .
o 2x12-hit DVA converters STMAZFADT STMIZFADTVE, STM3ZFAOTZE, STMEZFAOTIE [ragt=""=TI"] S, M, A A
+ General-purpose DMA: 16-stream DMA SCHEMEE T, T ——.
controller with FIFOs and burst support T L, FEMA A A
» Upto 17 imers: up to twelve 16-bit and two 32- —T -
bit timers up to 168 MHz, each with up to 4 ol [ -
| [ TE, HE
By e gl B AL
ACT T Ao
= nane A
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"SysTick” med avbrott...

- n M n
Raknarkrets - "SysTick
Reload ofsel agister
0 i STKCTRL
4 STK_LOAD
Ka Nedraknare 24 bitar mﬂ(" smo‘«;ﬁ"-a
168 MHz Ensale | | STR_VAL = -
TICKINT
‘©—— SysTick IRQ
STK_VAL
STK_LOAD
STK_VAL — |

0 Reload Reload Reload t

Maskinorienterad programmering

STK_CTRL Status och styrregister

0ﬁ59t313029282726}25242322212019181718151413121110 9/8]7]6/5]4/3]2
0 I w W

=]

Register
STK_CTRL

| IEASN))
=

Bit 16: (COUNTFLAG):
Biten dr 1 om riknaren riknat ned till 0. Biten nollstills da registret lses.
Bit 2: (CLKSOURCE) biten ar 1 efter RESET:

0: Systemklocka/8

1: Systemklocka

Bit 1: (TICKINT): Aktivera avbrott

1: DA riiknaren slagit om till 0 genererar SysTick avbrott.

0: Inget avbrott genereras.
Anm: Man kan programvarumaéssigt undersoka om riknaren riknat ned till 0 genom att

Algoritm:
STK_CTRL=0 Aterstall SysTick
STK LOAD = CountValue
STK_VAL=0 Nollstéll raknarregistret

STK CTRL=5 Starta om réknaren
Vénta till COUNTFLAG=1
Aterstéll SysTick

"Blockerande” — ty programmet kan
inte gora nagot annat an vanta tills
fordrojningen, dvs. COUNTFLAG blir
1, arklar....

Undantagshantering, klipp 6. 2021:1

konfrollera biten COUNIFLAG, det ar allisa inte nodvandigt ait anvanda
avbrottsmekanismen.

Bit 0: (ENABLE) Aktivera raknare

Da ENABLE ettstills laddas virdet fran STK_LOAD till STK_VAL och réknaren bérjar rikna
ned. Da rikknaren natt 0. ettstiills COUNTFLAG och proceduren upprepas.

0: Raknare deaktiverad

1: Riknare aktiverad

Algoritm:

STK_CTRL=0 Aterstall SysTick
STK_LOAD = CountValue
STK_VAL=0 Nollstall raknarregistret
STK_CTRL=7 Starta om raknaren

Avbrott genereras da COUNTFLAG=1

"Icke-blockerande” — ty programmet kan fortsatta med att exekvera, da
fordrojningen ar klar, dvs. COUNTFLAG ar 1, genereras ett avbrott.
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Maskinorienterad programmering

Icke-blockerande fordrojning med SysTick

Skapa en fordrojningsfunktion Testprogrammet:
delay(unsigned int u) som .
skapar u mikrosekunders fordréjning. fidefine DELAY_COUNT 1000
void main(void)
{
Visa hur ett testprogram kan anvanda init_app();
funktionen for att astadkomma *GPIO_ODR_LOW = 0;
trdraining i bund i delay( DELAY_COUNT );
ordrojning i en bunden programslinga *GPTO ODR LOW = OXFF;
utan att blockeras. while(1)
{
Testprogrammet ska tanda en 1H( Sg’::allf,k—ﬂag )
. . " o J
diodramp under den tid fordrojningen /% »paprallell kod” ... */
varar. *GPIO ODR_HIGH = c;
C++;
. . }
En a.nnan.dlodrarr]p ska visa en *GPTO ODR_LOW = O
kontinuerligt uppraknad variabel }
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Maskinorienterad programmering

Icke-blockerande fordrojning Skiss av programdelar

fAVBROTT

huvudprogram: delay(x): mikrofordrdjning: undantags-

hanteringsrutin:

initiera en raknare Konfigurera SysTick |
med antal for 1 mikrosekunds < Om sista mikro-
mikrofordrdjningar fordrodjning och fordrojningen utford
delay(x); sétt systick_flag=0 avbrott séatt systick_flag=1
while(1){ annars starta ny
if(systick_flag) mikroférdrdjning

fordrojning klar

systick_flag‘/
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CHALMERS Maskinorienterad programmering

Icke-blockerande ford rc'jjning Implementering

void delay 1mikro( void )

mikroférdrojning: { STk CTRL = o
— = 9;

*STK_LOAD = ( 168 - 1 );
*STK_VAL = 0;
*STK_CTRL = 7;

¥

Konfigurera SysTick
for 1 mikrosekunds
fordrojning och avbrott

static volatile int systick flag;
static volatile int delay count;

undantags-

hanteringsrutin:
g void systick irq handler( void )

{
*STK_CTRL = 0;
delay count -- ;
if( delay count > @ ) delay 1mikro();
else systick flag = 1;
}

Om sista mikro-
fordrojningen utford
satt systick_flag=1
annars starta ny
mikrofordrojning

void delay( unsigned int count )

delay(x): {

if( count == © ) return;
delay count = count;
systick_flag = 0;

delay 1mikro();

initiera en raknare
med antal
mikroférdrojningar
satt systick flag=0

Undantagshantering, klipp 6. 2021:1
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Icke-blockerande
fordrojning med
SysTick

Undantagshantering, klipp 6. 2021:1

Maskinorienterad programmering

File Edt View Search pace Build Debugger ns Perspective ngs PHP He
L O B X X B B Q B B & Vv ] X v
I | W L v 7 @
!
systicklRQe X v
A\
void main(void) " "
unsigned char = 0
nit appl():
GP ODR_LOW 3
delay( ELAY ( ) %R o
*GPIO ODR LOW XFF;
while(l)
if( syst )
break:
* Paralle de ﬂ&.‘ -
«GPIO ODR HIGH = LR gasans mas
c+4 Bargraph v3.9 Bargraph v3.0
- D ___h'
v
Ready Ln 83, Col 0

SPACES

LF

Cis

UTF-8
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