7 CHALMERS Maskinorienterad programmering

Pekare

Ur innehallet
Flyktiga registerinnehall ("volatile")
Pekararitmetik
Stranghantering med pekare
Pekare till funktioner
Pekare till pekare.. (till pekare...)

o s .
Malsattningar:
Kunna anvanda pekare for absolutadressering
Kunna anvanda pekare i stranghantering
Kunna anvanda pekare som parametrar for returvarden
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{4,&3 CHALMERS Maskinorienterad programmering

Absolut adressering irossnm
specifit 5010 0000
Exempel
0x40021014 // en heltalskonstant (int) Extoma bere reee
// en pekare (unsigned char) som pekar pa adress 0x40021414 eoheter
(unsigned char *) 0x40021014 Externt S
// innehall, 8 bitar, pa address 0x40021014 (dereferens) e roos oo
*((unsigned char*) 0x40021014) Perierirotsar ~* """
// Las fran adress 0x40021014 mmWMdizzzzz

unsigned char value = *((unsigned char *) 0x40021014);

// Skriv till address 0x40021014
*((unsigned char *) 0x40021014) = value;

Men vi maste se upp om vi later
kompilatorn "optimera" koden...
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7 CHALMERS Maskinorienterad programmering

Avsikten att forbattra koden kan ga fel...

Exempel: "forbattrad kod"

char * inport = (char*) 0x40021014; char * inport = (char*) 0x40021014;

void foo(){ void foo(){
char tmp = *inport;
while( tmp !'= 0 )

{

while(*inport != 0)
{

} }

En optimerande kompilator kan "flytta ut" [asningen fran iterationsslingan och testen reflekterar da
inte langre portens varde.
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"Volatile qualifier" - bestamning/tillagg till deklaration

volatile forhindrar viss optimering (som annars ar bra och nodvandig) dvs. indikerar att
kompilatorn maste formoda att innehallet pa en address kan andras "fran utsidan" (dvs. en
andring kan inte upptackas vid statisk analys av koden).

volatile char * utport = (char*) 0x40021014;
volatile char * inport = (char*) 0x40021014; void f2()
void foo(){ {
while(*inport != 0) *utport = 0;
{
/] --- *utport = 1;
}
} *utport = 2;
}
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Portadressering

Periferikretsar
AO00 0000 - ADDO OFEF[_FSMC ool L

—
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Maskinorienterad programmering

#define GPIO_E 0x40021000
#define GPIO_E_MODER ((volatile unsigned int *) GPIO_E)
#define GPIO _E OTYPER ((volatile unsigned short *) (GPIO _E+4))

Exempel' #define GPIO_E_OSPEEDR ((volatile unsigned int *) (GPIO_E+8))

GPIO port E

[N

402 2800 = 4002 ZBFF GPIOK offsel 31]H29'iﬂ-|ﬂﬂﬁi‘bhauqn:I]]1EIBI1.’1E1$11-13-!2II1IIFE- BG5S 4)3]2(0]0 HB;ISIEf
4002 2400 - 4002 27FF GPIOJ i | GPID_MODER
4002 2000 - 4002 23FF GPIOI 4 GFIG_OTYPER
4002 1C00 - 4002 1FFF GPIOH ] | GPID_OSPEEDR
4002 1800 - 4002 1EFF GPIOG Ttz | | GFIO_ FUPDR
4002 1400 - 4002 17FF GPIOF — ——
4002 1000 - 4002 13FF GPIQE 14 GFIG-DEH
4002 0CO0 - 4002 OFFF GPIOD —
4002 0800 - 4002 OBFF GPIOC G GFI0_LCKR
4002 0400 - 4002 O7FF GPIOB 20 GPID_AFRL
4002 0000 - 4002 O3FF GPIOA
ANNT ERMAN - AN AREPR |r~r\9‘r_'r Mﬂ GF"U_N‘-FH
offset|31|30(20)2827(26)25|24]12322( 2112011918117 116]1514{1312111]10| 8 | 8 | 7 |6 | 6|43 2[1]0 mnemanic
W e e e e e L e e e s
Ox14 ™ . x4 GPIO_ODR

GPIO_E_ODR_HIGH GPIO_E_ODR_LOW

#define GPIO_E_ODR ((volatile unsigned short *) PIO E+0x14))
#define GPIO_E_ODR_LOW ((volatile unsigned char *) (GPJO_E+0x14))
#define GPIO E ODR_HIGH ((volatile unsigned char *) (GPIO_E+0x15))

value = *GPIO_E_ODR_LOW; // Las fran 0x40021014
*GPIO_E_ODR_HIGH = value; // Skriv till 0x40021015
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Pekararitmetik | o
Alla andra operationer, som exempelvis skift,

Foljande operationer ar tillatna pa pekare: negation, bitvis komplement, multiplikation eller

* Adressoperator division etc. ar meningslosa och darfor
e Dereferens ' 9

« Addition av heltalskonstant forbjudna.
e Subtraktion av heltalskonstant
 Subtraktion av pekare med samma typ

Exempel 2:
char *cpl;
cpl = cpl + 1; Exempel 4:
Exempel 1: ++cpl; char *cpl,*cp2;
char c, *cpl, *cp2; Cpl++; int *ip;
cpl = &c; // Ok int i;
cp2 = &cpl; // Warning Exempel 3: i = cpl-cp2; // Ok
char *cpil; i = ip-cpl; // Error
cpl = cpl - 1;
--Ccpl;
cpl--;
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Pekararitmetik

Vid addition (ptr+n) eller subtraktion (ptr-n), pekartypen avgor hur manga bytes som
adderas/subtraheras

Exempel 1:

char *cp = (char *) 0x20001000;
(cp+1); // Uttryckets varde: 0x20001001
Cp++; // cp ar darefter 0x20001001

Exempel 2:

int *ip = (int *) 0Ox20001000;
(ip+1); // Uttryckets varde: 0x20001004
ip++; // ip ar darefter 0x20001004

ptr+n = ptr+n * sizeof( ptr type)
ptr-n = ptr-n* sizeof( ptr type)
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CHALMERS Maskinorienterad programmering

Tan kvart pekarexempel File Edit View Search Workspace Build Debugger Plugins Perspective Settings
Help
> @I & >L v @
pointer_add\pointer_add.c . .
char name[] = ”Machine Oriented Programming”; 2| | #include <stdio.h> :
Char' *pZC; -1| int main(void)
. 2 . s B
lnt p21J 6 I char name[] = "Machine Oriented Programming™;
7 char *p2c;
_ . 8 int *p2i;
p2Cc = name; 9
s . * . 1a p2C = name;
p21 - (lnt )name} 11 p2i = (int*)name;
printf( *”%s - %s\n”, (char*)p2c, (char*)p2i); 12 printf( "%s - %s\n", (char®)p2c, (char®)p2i);
1:-1 p2c += 3;
_ . 15 p2i += 3;
pZC += 3) 16 printf{ "¥s - ¥s\n", (char*)pZc, (char*)p2i);
p2i += 3; v v
printf( ”%s - %s\n”, (char*)p2c, (char*)p2i); < ?
Debugger .
Locals atches A EWe = Thre emory  Outpl hd
Vad blir utskrifterna? o
ad blir utskrifterna®
Mame Walue
¥ name @ O0)0@0e"
¥ plc 0x10 <errcr Cannet access memery at address Ox10>
¥ p2i 0xcB1600
£ >
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- File Edit View Search Workspace Build Debugger Plugins Perspective Settings Help
Falt eller pekare? >mio> by e
. . . o " o sointer add\pointer add.c X pointer_deref\pointer_deref.c (Bl
x[y] Oversatts till * (x+y) sa detta ar ocksa en pekare. L | sinclude <otaio.n
Indexering ar samma sak for pekare och falt... H S
o R et
#include <stdio.h> | H vt iyt ot
int main(void) of || briner (v in emidis (vereion 3p1 e s SLen) O,
1
{ 3| || orintt NI\ In Enidin (verston 12i % \nt, ~(s243);
char* s1 = "Emilia"; 5| || briner (NI\ in caidia (version e B ne o021 O,
char s2[] = "Emilia"; o
// tre likvardiga satt att dereferera en pekare
printf("\'1\’ in Emilia (version 1): %c \n", *(s143));
printf ("\'1\’ in Emilia (version 2): %c \n", si1[3] );
printf ("\'1\’ in Emilia (version 3): %c \n", 3[s1] );
// tre likvardiga satt att indexera i ett falt . R
printf ("\'1\’ in Emilia (version 1): %c \n", *(s243)); Debugger a
printf ("\'1\’ in Emilia (version 2): %c \n", s2[3] ); L“t SO e e e e e
printf ("\'1\” in Emilia (version 3): %c \n", 3[s2] ); i; Vatoe
} : :12 [Jic‘l[l <error: Cannot access memory at address 0x10>

€

Sa, ar falt da pekare?... Ngj...
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Maskinorienterad programmering

Flt ” k : k th t ARM/Thumb assembler:
alt eller pe are, | KOI'the 2000001c <s1>:
2000001 : 20000028
Exemp el e et 20000020 <s2>:
char* sl = "Emilia"; 20000020 6¢696d45 "Emil"
char s2[] = "Emilia"; 20000024 : 000R6169 "ia\@"
) 20000028: 6c696d45 "Emil"
2000002C : 00006169 "ia\0"
s2 sl
Type: Falt Pekarvariabel
Adressering: &s2 arinte mojligt - s2 ar bara en symbol &s1 =adress till variabeln s1

s2 = symbol = faltets startadress
s2 = &(s2[9])
s2[@0] =%s2—'E

s1 = s1’s varde = textstrangens startadress.
sl = &(s1[9])
sl[@] =*s1—->'E

Pekararitmetik: | s2++ &r inte majligt sl++ arOK
(s2+1)[@] ar OK (s1+1)[@] arOK
Typstorlek: sizeof(s2) =7 bytes sizeof(sl)=sizeof(char*) =4bytes

s2 ar en symbol (ingen variabel) for en adress kand vid kompileringstillfallet.
Eftersom s2 ar en adress, kan vi dereferera den pa samma satt som en pekare: *s2 — 'E’.

Pekare, klipp 2, 2021:1
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Stranghantering

ytterligare en variant av strlen...
int strien( char 5[] ) int strlen( char *s )
int i = o; {
while( s[i] != '\@")
b int 1 = 9;
r}‘etur‘ni+1; While( *S++ ) i++;
} .
return 1 + 1;
int strlen( char *s ) }
{
int i = 9;
while( *s )
{ . 3 .
, o *s++. char tmp=*s; s=s+1;
return i + 1;
}

(*s)++. tmp=*s; tmp=tmp+1;

Pekare, klipp 2, 2021:1
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Kopiering av textstrang - strcpy

Exempel.

| standard-C biblioteket finns funktionen strcpy, for att kopiera en ASCII-strang i minnet.
Strangslut markeras med tecknet * \@”, dvs. 0 och detta tecken ska vara det sista som
kopieras. Funktionen returnerar dest och kan implementeras pa foljande satt, visa hur
strcpy kan kodas i assemblersprak.

char *strcpy( char *dest, char * src )

{

char *rval = dest;
do{

*dest++ = *src++;
} while( *(src-1) );
return rval;

Vi l6ser pa tavlan...

Pekare, klipp 3, 2021:1
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Kopiering av textstrang - strcpy

Exempel:

| standard-C biblioteket finns funktionen strcpy, for att kopiera en ASClI-stréng i minnet.
Stréngslut markeras med tecknet 2 \@?, dvs. 0 och detta tecken ska vara det sista som
kopieras. Funktionen returnerar dest och kan implementeras pa féljande satt, visa hur
strcpy kan kodas i assemblersprak.

char *strcpy( char *dest, char * src )
{
char *rval = dest;
do{
*dest++ = *src++;
} while( *(src-1) );
return rval;

}

Vi l6ser pé tavian...

Pekare, klipp 3, 2021:1

Maskinorienterad programmering
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Fler skal att anvanda pekare
Argument ar vardeanrop, "pass-by value” i C.

void inc1( int x )

{

X++;

}

void inc2( int *x )

{

(*X)++;

}

int main(void)

{
int x1=0, x2=0;

incl( x1 );
inc2( &x2 );

inc1 anvander kopia av parametern

inc2 andrar innehallet via parametern...

x1 har fortfarande vardet 0, men
x2 har vardet 1 efter anropen...

Pekare, klipp 4, 2021:1

Maskinorienterad programmering

File Edit View Se

arch  Workspace

@Il & >L v @

Build Debugger Plugins Perspective Settings Help

x pointer_pass_by_value\pointer_pass_by_value.c .

1 /* pointer_pass_by wvalue.c */
2 #include <stdio.h>
4 void incl( int % )
s| (=1

B x4+t

7 I

8 void 2( t )
9 1
19 JHES
11 }
12
13 int (void)
14 I
15 int x1=0, x2=8;
16
17 incl( x=1
18 inc2( 8&x2 );
19
28
£
Debugger

Locals
O ¢

Name Value

x1 0

w2 16

<

<
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Maskinorienterad programmering

Pekare till funktioner - "funktionspekare”

En funktionspekare definieras av:

* Returvardet
« Argument och deras respektive typer
Funktionspekarens varde ar en adress.

Pekare, klipp 4, 2021:1

Exempel.

int foo@( void );
int fool( int x );
int (*funp) (int);

funp = f000;
funp = fool;

// Funktionsprototyp
// Funktionsprototyp
// Deklaration av variabel 'funp'

// Warning, typfel
// Ok

15
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File Edit View Search Workspace Build Debugger Plugins Perspective Settings Help

Pekare till funktioner T

peinter_funcptripointer_funcptrc . hd

Exempel. || L A

#include <stdio.h>

#include <stdio.h> 2| | saeretine )
6 return x¥x;
int square(int x) 1§ in meing
{ 11 int (*funp)(int);
12
return x*x; 13 || I fune = square;
15 printf("fp(5)=%i \n", funp(5));
} 16 return @;
| ol b
int main() li Funktionspekare
{
int (*funp)(int);
funp = square; .
£ >
Debugger
printf("fp(5)=%i \n", funp(5)); Locals v
return 0; O ¢
Mame Value
} 3 funp Ox10
< >
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Pekare till funktioner

Vi har foljande funktioner:
void do_this( void ) {}
void do_that( void ) {}

Maskinorienterad programmering

Vi kan deklarera en variabel func, som en pekare till en sadan funktion.

void (*func)(void);
Vi har sedan ytterligare ett instrument
att paverka programflodet:
if( ... )
func = &do_this;
else
func = &do_that;

func(); /* do this eller do that...

Pekare, klipp 4, 2021:1

*/

LDR R2,=do this
LDR R3,=func
STR R2, [R3]

LDR R3, func
BLX R3

17
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Pekare till funktioner - pa plats i minnet

Maskinorienterad programmering

Exempel:

Visa i C och assembler hur en pekare till funktionen
void do this( void )

placeras pa address 0x2001C000 i minnet.

Tilldelningen kodas i C:

*((void (**)(void) ) ©x2001C000 ) = &do this;

Tilldelningen kodas i assembler:

LDR RO,=do_this
LDR R1,=0x2001C000
STR RO, [R1]

Pekare, klipp 4, 2021:1
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Pekare till C-funktioner pa fast adress i minnet

Exempel.
En parameterlos subrutin portinit for att initiera
hardvaran i MD407 finns med ingang pa adress adress
0x08000200 i minnet. Visa hur denna kan anropas:

a) i assemblersprak

b) fran ett C-program

Maskinorienterad programmering

0x800200
+4

B portinit

B restart

+8|. ..
+12]. ..

a
) LDR RO,=0x8000200
BLX RO
b)
#define portinit ((void (**)(void) ) ©x8000200 )
void xxx( void )

{
¥

portinit();

Pekare, klipp 4, 2021:1

portinit:

restart:

}”Tmnmmm"

19
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Falt som parameter till funktion

« Ett falt i en parameterlista ar en pekare

void foo(int i[]);

[ ] - notationen finns men betyder pekare,
dvs. detta ar samma sak som:

void foo(int* 1i);

Undviker kopiering av hela falt infor
funktionsanropet. Langden av faltet behover
inte vara kand.

Dock: faltet kan andras i den anropade
funktionen

Pekare, klipp 5, 2021:1

Maskinorienterad programmering

int sumElements(int *a, int 1)
{
int sum = 0;
for (int i=0; i<1l; i++) {
sum += a[i];
}

return sum;

}

int array[] = {5,4,3,2,1};
int x;
x = sumElements(array, 5);

20
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Pekare till pekare Deklarationen :
char **dcp;
Exempel lases “dcp ar en pekare till en pekare till en char’.
cp = *dcp; kodas
LDR R3,=dcp @ R3«-&dcp
LDR R3, [R3] @ R3«dcp e
LDR R3, [R3] @ R3«*dcp
LDR R2,=cp
STR  R3, [R2]
c = **dcp; kodas
LDR  R3,=dcp @ R3<«-&dcp cdep
LDR R3, [R3] @ R3<«-dcp
LDR R3, [R3] @ R3<«-*dcp
LDRB R2, [R3] @ R3«**dcp
LDR R3,=c
STRB R2, [R3] dep <@—sdep

Pekare, klipp 5, 2021:1



} CHALMERS Maskinorienterad programmering

P k f--l File Edit View Search Workspace Build Debugger Plugins Perspective Settings  Help
ekarralt > @I o >L v 2 o
Exempel. Ett falt med pekare till textstrangar penterarysipeinter ooy M v
1 /* pointer_arrays.c */ "
2 #include <stdio.h>
#include <stdio.h> - void swap(void** pl, void **p2)
void swap(void** pil, void **p2) i [
{ 7 *p2="pl;
8 “pl=p;
void *p = *p2; - 9 1
1@ char *list[]={"Elsa”,"Alice™,"Maja","Emilia"};
*p2=*p1; Byt plats mellan tva ol | e J
=p: ' 12| BE{
*pl_p’ pekarvarlabler 13 | printf{ "Pointersize is = %i\wn", (int) (sizeof(list)/4 ) ),
} 14 printf( "Size0f(list) = %iwn", (int) sizeof(list));
. 15 printf{ "¥s ¥s ¥s ¥s\n", list[@],list[1],list[2],list[3] );
char *list[]={"Elsa","Alice","Maja","Emilia"}; Ett falt med pekare 16 swap( (void*)&list[@], (void*)&list[3]);
. t . 17 printf{ "¥s ¥s ¥s ¥s\n", list[@],list[1],list[2],1list[3] };
in maln() 18 swap( (void*)&list[a], (void*)&1ist[1]);
{ 19 printf{ "%s ¥s ¥s ¥s\n", list[e],list[1],list[2],list[2] };
28 }
printf( "PointerSize is = %i\n", (int) (sizeof(list)/4 ) ); 21] |-
printf( "SizeOf(list) = %i\n", (int) sizeof(list)); < ,
printf( "%s %s %s %s\n", list[@],list[1],list[2],1list[3] ); Debugger x|
Swap( (VOld*)&llSt[@], (VOld*)&llSt[B]); Locals atches Ascii Viewe Call Stac Breakpoints  Threads emon Output Disaszer W
printf( "%s %s %s %s\n", list[@],list[1],list[2],1list[3] ); O &
swap( (void*)&list[@], (void*)&list[1]); Name Value
printf( "%s %s %s %s\n", list[@],list[1],list[2],1list[3] );
}
£ >

Pekare, klipp 5, 2021:1
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Flerdimensionella falt
Exempel: Innehall och adress

#include <stdio.h>
int arrayOfArrays[3][4] =
{ {1,2,3,4},
{5,6,7,8},
{9,10,11,12} };
int main()
{
int i,7;
for( 1=0; i<3; i++) {
for ( j=0; j<4; Jj++)
printf("%d ", arrayOfArrays[i][i]);
printf("\n");
}
for( 1=0; i<3; i++) {
for ( j=0; j<4; Jj++)
printf("%p ", &arrayOfArrays[i][i]);
printf("\n");
}

return 0;

arrayOfArrays[i][]j] = arrayOfArrays+i*4+j

Pekare, klipp 5, 2021:1

Maskinorienterad programmering

File Edit View Search Workspace Build Debugger Plugins  Perspective
Settings Help

> Bl & 2>L v.2 @

pointer_matrix\pointer_matrx.c .

1 /* pointer_matrix.c */

2 #include <stdio.h>

3 int arrayOfArrays[3][4] =

4 { {1,2,3,4},

5 CZEJS)?JS}J

& {9,10,11,12} };

7 int main()

8 1

] int 1i,7;
18 | for( i=e; i<3; i++) {
11 for ( j=0; j<4; j++)

2 printf("%d ", arrayOfArrays[i][j]);
13 printf("\n");
14 1
15 for( i=08; i<3; i++) {
16 for ( j=8; j<4; j++)
17 printf("%p ", &array0ofArrays[i][i]1);
18 printf{"\n");

] }
28 return @;
21 }
<
Debugger

Locals atches Ascii Viewe Call Stac Breakpoints  Threads Viemon
O &

Mame Value
b 0
Ly 16
<
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