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Runtime environment and libraries

Ur innehallet:
Olika typer av bibliotek
Kompilatorbibliotek
C-bibliotek
Run-time miljo
Sa skapar du ett nytt bibliotek

Lasanvisningar:
Arbetsbok kapitel 8
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Libraries — various types

Det finns en rad olika typer av fardiga programbibliotek. De flesta prograbibliotek
forutsatter vanligtvis att det finns flera, i bland atskilliga, underliggande bibliotek.
Typexempel pa underliggande bibliotek ar sa kallade "kompatibilitetslager" dar en
anpassning sker till nagot specifikt operativsystem och nagon speciell maskinvara.

libc.a
« Standard C-bibliotek — tillhandahaller en lang rad funktioner
anvandbara i de flesta applikationer. Utgor ocksa vanligtvis det
viktigaste granssnittet mot det anvanda operativsystemet.

« Kompilatorbibliotek — tillhandahaller det stdd som kravs for att ett
standardiserat C-program korrekt ska kunna oversattas {ill
maskinkod, oavsett processorarkitektur. SDL: Simple DirectMedia Library

« Anvandarspecifika bibliotek (exvis. SDL...). | libsdl.a
Mathematics:

#include <math.h>
libm.a

Programbibliotek
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"Multilib” — various configurations

Det finns en konfiguration

= } . cpu-nit . . RTL
boam ) sorofie-valdation spec (upps_attmrjg pro.gram.blbllotek och
. bin @ aprofile-ve.specs Stal'tfl|er) fOI' Val:'/e ark|tektur
. indude L ctl.o
) lib i . ° . . .
"Bl s o o e P4 detta satt kan optimal kod lankas
| av7-ar [Jibe_nano.a till applikationen.
. armv7e-m
., armv7-m
, armv8-m.base\ | listan av bibliotek utelamnar man
| armve-m.main | cpuinit (av konvention) delar av namnet,
. cortex-m7 @ aprofile-validation.specs .
. cpu-nit @ aprofile-ve.specs dVS .
| fpu Dato.o libgecec.a skrivs
: ii:gts ©]ig80310.specs libc nano.a sk
. share L lbc.a
|_|libc_nano.a
+Linker Opfions™ ™~~~ 77T nostartfiles; -TS(ProjectPath)/mdd07ram, X g~~~ T TTTTTTTTTTTTmmmmmmmmmmmmmmmmm oo m oo i
i Libraries Search Path $(CodeliteDir)/tools/acc-3ze one-eabi/lib/armvé-m; $(CodeLiteDir) /tools /gcc-arm/lib/acc/arm-none-eabi/5.4. 1/armvé-m E
i Libraries gce;c_nano |
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EXAMPLE: Library with USART-routines

Skapa ett nytt projekt: Tva "tomma" filer kopieras fran mallen:
1ibUSART, baserat pa
mallen md407-static-library. v [ libUSART
v include
h | libNAME.h o~ T
NerbaWad X v Bl e T
New Project ~ [C]libNAME.c i
Select the project template from the list below o o ' |
Template Ay Z__________________._._. o _E

< » md407-static-library :—
<2 md407-startup

[ cobra-library

Bl cobra-executable
B cobra-embedded-RT

1
b UnitTest++ ! #include <stdio.h>
<o Library
1
&7 Others - | #include  "1ibUSART.h"
< Back Next > Cancel

____________________________________________

Programbibliotek
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EXAMPLE: Library with USART-routines

Fran projektmallen kopieras tva filer, dép om dessa: T
» En header-fil for deklarationer, ibNAME.h -> [ibUSART.h v [ include

1| libUSART.h

* En c-fil fér programkod, libNAME.c -> libUSART.c v [
» Kopiera USART-funktioner fran tidigare projekt €] libUSART.c

“ag_usaxrt #include

volatile unsigned short 3r;

volatile unsigned short Unused0;
volatile unsigned short
volatile unsigned short
volatile unsigned short
atile unsigned short
volatile unsigned short
volatile unsigned short
volatile unsigned short
volatile unsigned short
atile unsigned short

void _init( void )

{
USART1->brr = 0x2D9;
USART1->cr3 = 0;
USART1->cr2 = 0;
USART1->crl = UE | TE | RE;

}

void _outchar( char c )

{

atile unsigned short Unused5; while (( USART1->sr & TXE )==0);
volatile unai:-me:i short gtpr; USART1->dr = (unsigned short) c;

} USART: if( c == "\n")

T _outchar('\r'):;

0 00O0O0DO0DO0O OGO O O C
[ R R e

}

#define UE (1<<13)
#define TE (1<<3)
char tstchar( void
#define RE (1<<2) {xc _tstchar( i
#define IXE (1<<7) if( (USART1->3sr & RXNE )==0)

$define RXNE (1<<5)

return 0;

return (char) USART1->dr;

#define USART1 ((USART *) 0x40011000) }
void _ char _inchar( void
void _0 1ar c ); {
ar _t char c;
ar _i while ( (c=_tstchar() )==0):

return c;

}

Programbibliotek
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EXAMPLE: Library with USART-routines

Installera biblioteket genom att kopiera filerna till deras "standardplatser”...
* 1ibUSART.h kopieras till:
S (CodeLiteDir) /tools/gcc—arm/arm-none—-eabi/include/1ibUSART.h

* Debug/libUSARTd.a och Release/1ibUSART.a kopieras till:
S (CodeLiteDir) /tools/gcc—arm/arm-none-eabi/lib/armveée-m

Skapa ett testprojekt ibUSARTtest for att testa biblioteket

« Lagg till uSARTd i listan av bibliotek

#include <1ibUSART.h>
void startup(void) _ attribute_ ((naked)) _ attribute_ (

void startup ( wvoid )

{

: |

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

- General [[] Linker is not required for this project i S=m Solacile| i
- Compiler — l MOV SP.RO\n |
W (=] Options . " BL _init\n" /* init UART library */ ,
. . - | " BL main\n" 1
Environment Use with global settings append : Ti-E 11 !
Debugger Linker Options -nostartfiles;-TS(ProjectPath)/r E : )i E
Resources Libraries Search Path S(CodeliteDimTToomygcc-arm/ : |
-Pre / Post Build Commands Libraries gcc;c_narlo;USARTd | ?Cld main veid) |

- Customize : unsigned char c; X

T S S S C S ] while (1) { !
1 c = _inchar(); !

. _outchar( c ); |

: } |

. :
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Standard C libra

<string.h>  Deklarerar funkti nghantering.
<time.h> Deklarerar funktioner fér datum och tid.

Programbibliotek
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Use of the standard C-library

Typdeklarationer for funktionerna i arm-none-eabi/include/stdio.h
C-biblioteket har organiserats i olika #ifndef STDIO H
header-filer. #define STDIO H
main.c int printf (const char *,...);
#include <stdio.h>

printf( "Hello World!"); arm-none-eabi/lib/....../libc.a

1000101001110001100101
printf:
001011000010100010010010010
10001010011100011

Programbibliotek 10
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Startup...

For applikationsprogram kravs ocksa att C-
biblioteket initierats av nagon funktion som
foregar main.

Standardprocedurer for "pre main” och "after
main” finns "crt” c-run time. Detta motsvaras av
den “startup” vi sjalva skapat i vara program.

main.c

#include <stdio.h>

vold main (void)

Programbibliotek
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Startup-sekvensen blir system-beroende, ex:
vilken microcontroller som anvands

void startup ( void )

{

asm volatile (

"
"
"
"
"
"

"

}

.L1: B .L1\n"
) ;

LDR R0O,=0x2001C000\n"
MOV SP,RO\n"

BL usart init\n"

BL crt 1n1t\n"

BL ma1n\n"

BL _deinit\n"

{ | FOr att undvika lankning med standard crt0.o
} printf( "Hello World!™); ger man lankarflaggan —nostartflles
appena

-nostartfiles; -TS(PrOJectF
§(CodelLiteDir) /tools/gcc :

11
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"C-nano" — lightweight implementation

Applikation...

#include <stdio.h>

void main (void) <:
{

printf ( "Hello World!");
}

o

Da vi lankar var applikation upptacker vi att en rad symboler saknas.

Maskinorienterad programmering

Standard C-bibliotek

libc_nano.a

100010100111000
1100101
printf:
001011000010100
010010010010100
01010011100011.

-

C-RunTime funktioner

fp

Detta beror pa att |O-funktioner i standard C-biblioteket ocksa lankas mot
maskinberoende funktioner (C-RunTime), som:

_sbrk, write, close, 1lseek, read, fstat, isatty

For att kunna anvanda |O-funktionerna maste vi da forst implementera dessa
maskinberoende funktioner.

Programbibliotek
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"C-run time" — lightweight implementation for MD407

_fstat, returnera information om en oppen fil.

#include <sys/stat.h>

int fstat(int file, struct stat *st) ({
st->st mode = S_IFCHR;

return 0;

}

S_IFCHR, anger att detta ar en tecken orienterad fil, andra exempel ar:

S_IFDIR, filen ar ett bibliotek.

S IFBLK, filen ar block-orienterad, (typiskt pa disk) osv...

Var implementering kommer endast att stodja de speciella filerna stdin, stdout
och stderr, som teckenorienterade filer, dvs. in- och utmatning via en terminal.

struct stat och
S IFCHR definieras 1
sys/stat.h

int isatty(int file) { return 1; }

stdin, stdout och stderr, kan normal sett dirigeras om till blockorienterade
enheter, dock inte i var implementering...

Programbibliotek
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"C-run time" — lightweight implementation for MD407

_open, oppna en fil for lasning och/eller skrivning.

Var implementering stodjer endast terminalanslutning (stdin, stdout, stderr). Dessa ar alltid
oppna av konvention, det racker da att var implementering returnerar en felkod.

int open(const char *name, int flags, int mode) { return -1; }

_close, stang en fil som ar oppen for lasning och/eller skrivning.
Ej tillampbart stdin, stdout och stderr stangs av operativsystemet.

int _close(int file) { return -1; }

_lseek, sok till position i en fil som ar oppen for lasning och/eller skrivning.
Maste vara en blockorienterad fil, ej tillampbart for stdin, stdout och stderr.

int 1Iseek(int file, int ptr, 1int dir) { return 0; }

Programbibliotek 14
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"C-run time" — lightweight implementation for MD407

_write, skriv till en oppen fil.
Var implementering ar enklast tankbara . Man hade kunnat lagga in felkontroll har eftersom file
ska vara nagon av stdout eller stderr....

int write(int file, char *ptr, int len) {
int todo;
for (todo = 0; todo < len; todo++) {
_outchar ( *ptr++ );
}

return len;

}

_read, las fran en oppen fil.

int read(int file, char *ptr, int len) {
int todo;

if(len == 0) return 0O;
for(todo = 1; todo < len; todo++) {
*ptr++ = inchar();

}

return todo;

}

Programbibliotek



Maskinorienterad programmering

Dynam|C memory management, Lankaren skapar de symboler vi behover for att
administrera minnet

malloc/free

* (. rodata
C-biblioteket tillhandahaller rutiner som malloc och e
free for dynamisk minneshantering. | SRAM '

. = ALIGN(8);
Runtime biblioteket maste da definiera: I,Ie:pfliwo;zléé; /;*ffrkgsﬁiip*i/
void * sbrk (int increment) heap top = .; /* for sbrk */
(set program break) som tillhandahaller adresser till . = . + 0x400; /* 1 kB stack */
minne som &r tillgangligt fér malloc. stack_top = .; /7 for startup %/

stack top — P
Reserverat for S~
stack
———————————— Data segment
heap top Reserverat for
B dynamisk
minneshantering /
/ Kod segment
s Programmets /
heap low | globala variabler /

Programbibliotek

16



Maskinorienterad programmering

II I Iplel I lentatlon Of _Sbrk Lankaren skapar de symboler vi behéver for att
administrera minnet
#include <errno.h> *?Hﬁﬁa |
. . *(.rodata.*
extern char heap low; /* Defined by linker */ = ALIGN(4);
extern char heap top; /* Defined by linker */ ) oRAM
_ . = ALIGN(8);
char *heap end; heap_low = .; /* for sbrk */
o . = . + 0x400; /* 1 kB heap */
heap top = .; /* for sbrk */
char * Sbrk(int j_ncr) { . = . + 0x400; /* 1 kB stack */
- stack_top = .; /* for startup */
char *prev heap end;
1f (heap end == 0) {
heap end = &heap low;
}
prev_heap end = heap end;
if (heap end + incr > &heap top) { stack top —P>
— , L — Processens N
/* Heap and stack collision */ initiala stack
errno = ENOMEM;
return (char *)-1;
-
} heap top
heap end += 1ncr;
return (char *) prev _heap end;
}

Programbibliotek
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- . . BSS (from Block Started by Symbol)
Inltlal |Zat|0n Of the I'l The BSS segment typically includes all uninitialized objects (both

variables and constants) declared at file scope (i.e., outside any
function) as well as uninitialized static local variables

void crt_init() { //

extern char sbss; /* Defined by linker */ Aven hér later vi lankaren skapa de symboler vi behover for
- ’ . : att initiera runtime-funktionerna
extern char ebss; /* Defined by linker */

char *s; m.text :
o _ & sbss: Initialized statically- J {
L ' allocated variables . = ALIGN(4);
while( s < & ebss ) * (.start section) /* startup code */
*s++ = 0; * (. text) /* remaining code */
_ . — *(.text.*)
S _ &heap—low' In|t|al|zed heap sbss = . /* start bss */
while( s < &heap_top ) space *(.bss) /* unintialised data */
*g++ = O; * (COMMON)
heap end = 0- _ebss = .; /* end bss */
. - — ! . . *(.data) /* initialised data */
/ Stang av buffrlng / * (.data.*)
setvbuf (stdin, NULL, IONBF, O0); * (.rodata) /* read-only data (constants) */
setvbuf (stdout, NULL, IONBF, 0); R
setvbuf (stderr, NULL, IONBF, O0); | SRAM ’

} AN

| NBF = No Buffer J

Programbibliotek 18
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Implementation of a modified
administrera minnet
Sta rtu p * (. rodata
*(.rodata.*)
. = ALIGN(4) ;
} >RAM
.‘_’-T,_‘:U..'k tl',‘.il > - = ALIGN(8);
_P_“_)C’essens N heap low = .; /* for sbrk */
initiala stack . = . + 0x400; /* 1 kB heap * /
heap top = .; /* for sbrk */
. = . + 0x400; /* 1 kB stack */
stack_top = .; /* for startup */
P
“af‘"“—*ﬂmmmmmmmmmm
void startup ( void )
{
asm volatile (
" LDR RO,=stack top\n" /* set stack */
" MOV SP,RO\n"
" BLL crt init\n" /* init C-runtime library */
_ Y
" BL main\n" /* call main */
" L1: B .L1I\n" /* never return */
) 7
}

Programbibliotek
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Create runtime library for MD407

EXEMPEL |
E(’jr att slippa kompiler.a vgrt lilla runtime?t.)iblilotek Aot b O
tilsammans med applikationen skapar vi i stallet ett
. . . Template a
programbibliotek 1ibMD407. a, v @ Usertemplates
(hamta mallen fran kursens hemsida och installera...) pre—
- » md407-startup
eller skapa en egen mall.. R cobra-library
____________________________________________________ B cobra-executable
i i B cobra-embedded-RT
| : UnitTest++
i i - Library v
i E < Back Next > Cancel
v libMD407 :____________________________________________________:
v include
.h/ libNAME.h :_ _________________________________________ ! =
v src i i = S
C! libNAME.c ' ' Statc Library
i#include <stdio.h> E S/(\D:ti‘::edmsnnenury)'S(Pnystamé)da
E#include "1ibNAME.h" E S(intermediateDirectory)

Programbibliotek 20
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md407-static-library, settings...

Bbrja med att skapa ett vanligt projekt,

andra till 'Static library'

| IDebug
|| . General Project enabled

Compiler

Linker = General W
‘ Environment Project Type Static Library

Debugger =] Build

Resources [+] Makefile Generator Default

Pre / Post Build Commands Compiler Cross GCC ( arm-none-eabi )

Customize Intermediate Folder ./Debug

Code Completion
Global Settings
QMake

Programbibliotek

Output File

Execution

Pause when execution ends

This program is a GUI application
Executable to Run / Debug
Working Directory

Program Arguments

= Debugging

Debugger
Use separate debugger args
Debug Program Arguments

$(IntermediateDirectory)/S(ProjectName)d.a

O
O

S(IntermediateDirectory)

GNU gdb debugger
O

oK Cancel

Apply

Help

Maskinorienterad programmering

| stéllet for lankaren anvénds
arkivhanteraren (AR) héar

Debug

General
Compiler
Linker
Environment
Debugger
esources

OK

[ Linker is not required for this project

= Options

Use with global settings  appen

Linker Options
Libraries Search Path
Libraries

d

Ta bort ‘resources’ (behovs inte) men
lagg till ‘include’ och skapa filerna:

v

v

libMD407
include

./ libNAME.h

src

C! libNAME.c

21
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/*k

md407-static-library, |- wmweorx

* Declaration of library functions, constants etc...
| ] */

source files bnclude <stdio >

#include <errno.h>

#include <sys/stat.h>

/* Type definitions */

/* typedef struct tag usart
* 1ibMD407.c {
* MD407 library volatile unsigned short sr;
*x/ etc...
/* Constants */
/* declarations goes to 'libMD407.h' */ #define USART1 ((USART *) 0x40011000)
#include "1ibMD407.h" /* Constant defined by linker */
extern char heap low;
/* Define variables here */ extern char heap top;
static char *heap end; extern char _sbss;
extern char ebss;
/* Define functions here */ /* Library defined functions */
void crt init () { void _outchar( char c );
~ char *3; char _tstchar( void );
char _inchar( void );
void crt init(void);

char * sbrk(int);

int close(int file);

int fstat(int file, struct stat *st);
etc

Programbibliotek 22
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md407-static-library, installation and use

"Multilib” — olika konfigurationer

libc.a

armv7-ar Pa detta satt kan optimal kod lankas

| ibc_nano.a

rmv7-m

B
armvBm.ba\

armv8-m.main

#

Pun | listan av bibliotek utelamnar man
o e Bleprofievaldation specs (av konvention) delar av namnet,
cpu-init @) aprofile-ve.specs
@0 . dvs:
';“"Z“ 9] iqg0310.specs libgece.a skrivs gcc
. umt -
@l share foc.a libe nano.a SKrivs ¢ nano
bc_nano.a - -
77 linker Options™ ™~~~ "] nostarthies;-T3(ProjectPath)/mgd07ram.x T TTTTTTTTTTTTTmmTmmmmmmmmmmmmmmmmeeen ;
E Libraries Search Path $(CodeLiteDir)/tools /gcc-armfarm-none-eabi/lib/armvé-m; $(CodeLiteDir) /tools/gcc-armlib /gcc farm-none-eabi/S. 4. 1/armve-m E

{ Libraries gee;c_nano
|

Man kan valja att installera biblioteket i en
befintlig sokvag, eller att skapa en ny,

| vilket fall, maste man lagga till

programbiblioteket i listan av bibliotek:

$(CodelLiteDir)/tools/gcc-arm
gcc;c_nano;MD407d

Programbibliotek

5 ) gecsm ik Det finns en uppsattning
&8 am-none-eabi @ aprofie-validation.specs S ..
o ) apofte-ve.specs programbibliotek och startfiler for
@ 0 incude a0 varje konfiguration.
2 L lib 9 iq80310.5pecs
armve

amv7em till applikationen.

Du maste ocksa anvanda den utokade script-
filen for lankaren, for din applikation:
SECTIONS
{

.Lext

{

= ALIGN (4) ;
*(.start section)

* (.rodata
= ALIGN (4) ;
} >RAM
= ALIGN(8) ;
heap low = .; /* for sbrk */
. = . + 0x400; /* 1 kB heap */
heap top = .; /* for sbrk */
. = . + 0x400; /* 1 kB stack */
stack top = .; /* for startup */
}

23
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Compiler library

Maskinorienterad programmering

test.s (arm-vém)

test.c
int a,b,c;
void f( void )

{
a = b/c;
}

ldr 1r0,b
ldr rl,c
bl __aeabi idiv
ldr r3,=a

str r0, [r3]

test.s (arm-v7m)

ldr r2,b

ldr r3,c
sdiv r3,r2,r3
ldr r2,=a
str r3,I[r2]

S

lib/gcc/arm-none-eabi/.../...libgccc.a

1000101001110001100101
__aeabi i1div:
001011000010100010010010010
10001010011100011.....

Funktionerna i kompilatorbiblioteket anvands bara internt for kodgenerering, dvs. ar
ej publika och det behovs darfor ingen header-fil med deklarationer.
Information om processorarkitektur maste vara konsistent vid kompilering och

lankning.

Programbibliotek
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Exempel: Omvandling av heltal till IEEE flyttal

F I O at Vi vill skriva talet (2.52)10 10* som ett IEEE754-single format flyttal:
V1 har tidigare kommit fram till resultatet:
(2.52)10104= = (1.100 0100 1110 000); x 214
Mantissan ska ha totalt 24 bitar, vi “fyller pa™ med nollor pa slutet...
Representation av flyttal M= (1.100 0100 1110 0000 0000 0000):
‘ . - . Signifikanden F dvs. den del av mantissan som ska lagras far stryker den mest signifikanta ettan,
Ett ﬂyttf;il uttry (;ks allmant som: v har i
(-1) “sz F=(1000100 1110 0000 0000 0000)2
dar: Exponenten 1 IEEE-formen uttrycks av karakteristikan E’, excess(127) kod, dvs. E'= E+127, dar
S ( si gn) ir teckenbiten for ﬂyttalet E betecknar exponenten 1 talet vi utgar fran (2'4) dvs. E=14 varfor
S=0 anger ett positivt flyttal ty (-1)° =1 E'=14+127 = 141= (1000 1101);
— - 1) = _ eftersom talet ar positivt far vi S = 0. Vi sammanstaller nu resultatet 1 32-bitars form (SFP) och far
S=1 anger ett negativt flyttal ty (-1) 1 clutligen:

M utgéor talets mantissa
E utgor talets exponent.

(2.52)10 10+ =(0100 0110 1100 0100 1110 0000 0000 0000)sFe

Exponenten viljs fran nagon representation med inbyggt tecken. Det ar vart att notera att
for ett normaliserat flyttal pa binar form giller att:
M)z = 1 xxxxx

dvs. mantissans forsta siffra ar alltid ar 1. Detta innebar att vi, da vi lagrar flyttal, kan
utelamna denna siffra och pa sa vis astadkomma ett kompaktare format.

Representationen av heltal och flyttal ar olika men de lagras med samma storlek.
float f£; int i; /* bada typerna ar 32 bitar */

Det innebar exempelvis att tilldelningen:
f = (float) 1i;
ska goras enligt exemplet ovan...

Programbibliotek
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Float float £

Flaggor till kompilatorn: int 1;
-mthumb; -march=armvo-m; -msoft-float

f = (float) 1i;

ger koden:
ldr r0, 1
bl __aeabi i2f

ldr rl,=f
str r0, [rl]

Flaggor till kompilatorn:
-mfloat-abi=hard;mthumb; -mfpu=fpv4-sp-dl6; —-march=armv/-m;

VCVT (Vector Convert) from fixed point or

ger koden: integer to float

ldr r0,1 F32.832 - signed integer to floating-point
VIOV s15, r0

vevt.£32.s32 s1l5,s15

ldr r0,=f

vstr.32 s15, [rO]

Programbibliotek
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