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Compiling an Application for the TiniARM From Scratch

Programming the Arm processor in C can be done for free with the use of the freely available and multi-optioned GNU compilers. It can
be a little daunting with 70MB downloads and thousands of pages of text to wade through to find the essential ingredients to make the
recipe you're trying to implement. This manual assumes a neophyte level user and walks through the paces to get a bare application
running on the TiniARM. With the knowledge of this journey, it is hoped that you will be able to forge your own.

NOTE: Changes from previous manual (V.1) are marked with a change bar like the one on the left.

1.0 Introduction

The first job is to get programs and documentation. Some comes with the software but sometimes they need documentation. Don't get
me wrong, it's great that there is a lot of documentation but it is vast and too many variables lie in the way of getting what | want. Where's
my hello world program with an interrupt for only 234 bytes? Not 42K of behemoth layers of OS parts and services (which have their own
empire of documentation). | often have to dig for a nugget of info to let me know which variable to modify each time something goes
wrong in compiling, but to find that nugget again would be almost impossible. So here are the steps and nuggets (most of them) | took to
get to the finish line.

To work with the target board you will need:

* the target board

the development board

* power supply

rs232 cable

PC with COM port

e compiler

» downloader

* terminal program

* patience, luck and the NMI help forum

1.1 Overview

First, edit your source code; compile it with a compiler; link it and write it out with a loader; possibly translate the output to one
suitable for downloading; download the result to the target board; attach test equipment and reset board to test it out.

Note all the steps and also note that this is a command line affair, no GUI. Although some are available, | have none to recommend
yet. So crack the knuckles, rub the palms rapidly and push up the sleeves. In addition to being command line user interface (CLUI),
it is Unixish and needs a Unix-like environment to run in. This means using the terminal window in Mac OSX and an extra download
in Windows.

1.2 Get (with) the Program(s)

Whether you are running MacOSX, Windows or Linux, there's a precompiled application out there waiting to be downloaded. These
are big and always come with many more things that you and all of your related family would never be able to use, so be prepared for
a long download even on high speed connections. This document is tied to the gnude 1.2/1.1 release on Windows 2000 and
MacOSX. Search for gnude download or if this link is valid:

ht t p: // sour cef or ge. net / pr oj ect s/ gnude/

Page down and download the appropriate version for your platform(s).
In addition, for the Windows platform you will also need to download from redhat:

htt p: // ww. r edhat . cond downl oad/ cygwi n. ht ni

To communicate with the board you will need to run another program on the PC available from Philips at:

htt p: // wwnv sem conduct ors. philips. com fil es/ products/standard/ mcrocontrollers/utilities/
| pc2000 flash utility.zip

Download what you need and install (cygwin first on Windows).
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1.3 LPC2000 Flash Utility Notes

This tool is used to interact with the TiniARM processor over the serial port to move data between it, RAM, flash and the host
computer. It is mainly used to program the processor. The following points will save some time working with this tool.

 The utility for communicating with the processor for transferring data to and from the chip cannot be used to create a file which
is downloadable back to the chip because the first 0x3F bytes are not from the program in the rest of flash but are from the flash
bootloader and when the contents of flash is transferred to the program buffer, it takes the first 0x3F bytes from the bootloader
program and the rest of flash from whatever program is there. If this hex file is then put back into flash, the chip will not boot. To
fix it, the first Ox3F bytes must come from a file source which has the values figured. Or the bytes can be edited in the buffer.
The vector block has been shifted to 0Ox1E000 but the program prevents the user from seeing that part of flash.

* This has been fixed as of version V2.2.0 and is available from the LPC2000 files section in Yahoo groups:
htt p: // groups. yahoo. coni gr oup/ | pc2000/ fi | es/

» There is a button to calculate the security code at 0x14 but it is on the flash buffer tool and is not needed for normal downloads.

» The tool cannot handle files which are both RAM and Flash. You will get messages complaining about memory out of range.
This could be something destined for RAM space like an initialized variable and could warrant a second look or it might not
bother you at all.

1.4 Installing gnude on W2K

Download and install cygwin to create a unix environment under windows. Put gnude under “/ cygwi n”. This is seen as just“/”
inside a cygwin shell. To set the PATHvariable:

export PATH=$PATH / gnude/ bi n: / gnude/ arm el f/ bi n

This will give you access to the tools with or without their prefixes. This means if there is no other gcc tools installed in your paths,
then gcc will be the same as ar m el f - gcc and can be used as a shortcut.

1.5 Included Files

* a.lst - assembly listing of example

* ivt.0 - object file from compiling ivt.s

* ivt.s - source code containin the exception vectors for the beginning of flash
¢ libc.a - C library precompiled archive for use if needed

* Ipc210x.h - header file with names for all the registers

* main.c - test program in C

* main.cmd - extra complicated loader script adapted from the tools
» main.hex - final output from compilation process

* main.map - map of symbols and memory

* main.o - compiled object from main.c

main.out - the output from the loader/linker

makefile - the script on how to make the test application
simple.cmd - the script for where the test application fits in memory
« start.o - compiled object file for start.s

start.s - start up code to set up the micro and transition into main in

2.0 Compiling

All the pieces for compiling in this example reside in one directory. This makes compiling simple. Just enter this command in the
directory with everything in it:

make test

Like magic all the (and only the) required steps are executed to get from multiple source files and libraries to a singular hex file ready for
download along with a memory map file and an assembled code listing. For the first run you should see something like this:

armel f-as -0 start.o start.s
armel f-as -oivt.oivt.s
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.conpi i ng

.. linking

armelf-l1d -v -Map main.nmap -nostartfiles -T sinple.cnd -0 main.out start.oivt.o main.o libc.a
G\U I d version 2.14 20030612

...copying

armel f-objcopy -Oihex main.out nain.hex

As projects go, they are seldom simple, once underway for any length of time, so it is best to have some organization up front in terms of
structure. This is where the makefile and loader script come in. The makefile provides a singular point of controlling the compiling
process and a way of managing compiler options and file groupings. The loader script is the recipe for all the ingredients from the
compiler output and other precompiled archives (.a). The two files for these included here are simple and will need to be augmented as
an application grows. Probably the next best thing to add to the makefile is some semblence of proper directory structure where source
is kept separate from all the other pieces. The libc.a file is in the source directory for the simple directory structure in the makefile.

The following code example has been taken from application note 10254 and modified for this document and for the GNU compiler. But
it is a working example which can be built upon. The interrupt does not work yet and has not been debugged other than a test to see if
the interrupt routine was ever called (it wasn't), indicating probably a configuration problem.

2.1 Makefile
# for making armcode Rob Chapnan Apr 1, 04

NAME =test io

cC = armelf-gcc

LD = armelf-Id -v
AR = armelf-ar

AS = armelf-as

cP = armel f - obj copy

SUFFIXES : .0 .Cc .s

CFLAGS = -1./ -c -G8

AFLAGS = -ahls -mapcs- 32

CAFLAGS = $(CFLAGS) - W4, - ahl s, - mapcs- 32

LFLAGS = -Map nmain.map -nostartfiles -T sinple.cmd
CPFLAGS = -Oi hex

test: rmain. out
@echo "...copying"
$(CP) $(CPFLAGS) mai n.out mai n. hex

main.out: start.o ivt.o nmain.o sinple.cnd
@echo "..linking"
$(LD $(LFLAGS) -0 nain.out start.oivt.o main.o libc.a

.c.o:
@echo ". conpiling"
@$(C0) $(CAFLAGS) $< > a.lst

mainin: start.s ivt.s main.c
@echo ". conpiling"
$(C0) $(CFLAGS) start.s ivt.s main.c
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2.2 simple.cmd
/* Sinple command script for organizing menory Rob Chapman Apr 1, 04 */

SECTI ONS
{
[* interrupt vectors */
= 0x0; /* start of flash */
.interp :
{
*(.interp)
}

/* code and constants */
.text

{

*(.text)

*(.strings)

*(.rodata. *)

*(.init)

*(. comrent)

}

/* uninitialized data */
= 0x40000000; /* start of ram?*/
.bss :
{
*(. bss)
*( cCovWN)
*(. data)
}
}

2.3 main.c
/* code originally fromphillips appnote 10254 */

/* IR RS S SR RS EEE SRS SRR SRS SRR SR SRR SRS EEEEEEEEEEEEEEEEEEEESS

Function decl arati ons
khkkkhkkhkkhkkhkkhkkhkhkhkkhkkhhhkhhhhhhhhhhhhhhhhhhhhhhhhdhhhhhdhhhhddhhdhdd */
voi d | RGHandl er (voi d);
voi d feed(void);
void Initialize(void);

/**********************************************************

Header files

**********************************************************/

#i ncl ude "LPC210x. h"
#incl ude <string. h>

I/ serial port
#defi ne RDR 0x01
#defi ne THRE 0x20

char rx_query(void)
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return UARTO_LSR & RDR

}
char tx_query(void)
{

return UARTO_LSR & THRE
}
voi d tx(char c)
{

UARTO_THR = c;
}
char rx(void)
{

return UARTO_RBR
}
void tx_str(char *s) // send a string
{

whi | e(*s)

if (tx_query())
tx(*s++);

}

/**********************************************************

MAI N

**********************************************************/

void __main (void)

{
char *x = (char *)0, *y = (char *)0x1000;

/* Initialize the system*/
Initialize();

[* Start timer */
/1 Interrupts not working yet so this code is comrented out for now
/1 TI MERL_TCR=0x1;

// For testing library inclusion
/1 mencpy(x,y, 100);

/'l test banner
tx_str("\n\rTest echo\n\r");
/1 echo for main | oop
whi | e(1)
if (rx_query() & tx_query()) // received and ready to send
tx(rx()); // get and send

/**********************************************************

Initialize
**********************************************************/
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extern const char _text_start, _text_end;
extern char _data start, _data_end,;
#def i ne PLOCK 0x400

void Initialize(void)

{
/1 mentpy(& data_start, & text_end, & data_end - & data start);

/1 set io pins for leds red off, yellow off, green on
I D R | = 0x03800000; // 23-25 are outputs

| GSET = 0x00800000; /1 green led on

| OCLR = 0x03000000; /1 red and yel |l ow of f

/*

* |nitialize PLL (Configured for a 10M& crystal) to
* boost processor clock to 60MHz

*/

/* Setting Multiplier and divider val ues */
PLLCFG=0x25;
feed();

/* Enabling the PLL */
PLLOON=0x1;
feed();

/* VWit for the PLL to lock to set frequency */
whi | e(! (PLLSTAT & PLOX)){}

/* Connect the PLL as the clock source */
PLLOON=0X3;
feed();

/*

* Enabling MAM and setting nunber of cl ocks used for
* Flash menory fetch

*/

MAMCR=0; // make sure MAMis off before adjusting
MAMTT M=0x3;

MAMCR=0x2;

/*

* Setting peripheral dock (pclk) to System
* dock (cclKk)

*/

VPBDI V=0x1;

/* Initialize QPO */
/1 | CDl R=0XFFFF;
/1 | OBET=0xFFFF;

/* Initialize Timer 1 */
TI MERL_TCR=0x0;

TI MERL_TC=0x0;

TI MERL_PR=0x0;
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TI MERL_PC=0x0;

/* End user has to fill in the match val ue */
TI MERL_MRO=0x123456;

/* Reset and interrupt on natch */
TI MERL_MOR=0x3;

/* Initialize IC */

VI dntSelect=0x0; /* Tiner 1 selected as IRQ */
VI G nt Enabl e= 0x20; /* Timer 1 interrupt enabled */
VI CVect Ont | 0= 0x25;

/* Address of the ISR */
VI CVect Addr O=(unsi gned | ong) | RQHandl er;

/* initialize serial port */
[/l initialize UART
Pl NSELO = 5; /1 enabl e UARTO i n/ out
UARTO_FCR = 0x7; /! enable and reset fifos
UARTO LCR = 0x83;// 8 bits; enable divisor |atches
UARTO DLL = 0x87; // LSB divider for 60nhz to be 9600x16
UARTO DLM = 0x01; // MBB
UARTO_LCR = 0x3; /1 disable divisor |atches
}

/**********************************************************

Tinmer 1 1SR

**********************************************************/
void __attribute_ ((interrupt)) I|RQandl er(void)
{
/*

* The Interrupt Service Routine code will come here. The
* interrupt needs to be cleared in Timerl and a wite rnust
* be performed on the VI C Vector Address Register to

* update the VIC priority hardware. Here the user coul d

* blink a few LED s or toggl e some port pins as an

* indication of being in the I SR

*/

| GBET = 0x01000000; /1 yellow led on

TI MERL_| R=0x1;

VI CVect Addr =0xf f ;
}

voi d feed(void)

{
PLLFEED=0xAA;

PLLFEED=0x55;
}
2.4 ivt.s

@ code originally fromphillips appnote 10254
@
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Assenbl er Directives

(ONO)

.section .interp,"ax" @al ocateabl e and executabl e New Code secti on
@conpi |l er option : OCDE32 @ ARM code
.extern start @start synbol not
@defined in this
@section
Entry: @Defines entry point

LDR PC, =_start

LDR PC, Undefi ned_Addr
LDR PC, SW_Addr

LDR PC, Prefetch_Addr
LDR PC, Abort_ Addr

@A 0x14 the user should insert a signature (checksun).
@Thi s signature enabl es the bootl oader to deternine if
@there is valid user code in the Flash. Qurrently mnost of
@the Flash programmng tools (debuggers and ISP utility)
@have this feature built—in so the end user need not worry
@about it. If the tool does not provide this feature then
@the val ue has to be computed manual ly and has to be
@inserted at 0x14. Details on conputation of checksum
@could be found in the Flash programm ng chapter in the
@LPC2104/5/ 6 User Manual .

NCOP @for code to be
LDR PC, [PC #O0xFFFFF010] @Il oad irq vector fromvic
LDR PC, Fl Q Addr

Undefi ned _Addr: .word Undefi ned Handl er

SW _Addr: .word SW_Handl er
Prefetch Addr: .word Prefetch_Handl er
Abort _Addr: .word Abort Handl er

FI Q Addr: .word Fl Q Handl er

@

@ Exception Handl ers

@

@The follow ng dummy handl ers do not do anything useful in
@this exanple. They are set up here for conpl et eness.

Undef i ned_Handl er:

B Undef i ned_Handl er
SW_Handl er:

B SW_Handl er
Pref et ch_Handl er:

B Pref et ch_Handl er
Abort _Handl er:

B Abort Handl er
FI Q Handl er:

B FI Q Handl er
END:
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2.5 start.s
@/ code originally fromphillips appnote 10254

@
@ Assenbl er Directives
@
. section asm code, "ax" @New Code section
@ CCDE32 @ ARM code
.extern __main @mai n not defined
@in this section
.global _start @dgl obal synbol
@referenced in
@ivt.s
@
_start:

@Set SP for Supervisor node. Dependi ng upon
@the stack the application needs this val ue
@needs to be set.

@stack is already set by boot| oader

@but if this point is entered by any

@ot her means than reset, the stack pointer
@needs to be set explicity

@LDR SP, =0x40001000

@Setting up SP for I RQ and FI Q node.
@ Change node before setting each one
@nove back again to Supervisor node
@Each interrupt has its own link
@register, stack pointer and program
@counter The stack pointers nust be
@initialized for interrupts to be
@used | ater.

@setup for fiqg and irqg interrupt stacks to run
@bel ow current stack by 1000.

mov r0, sp @copy current stack pointer
sub r0, r0, #1000 @nmake irqg stack pointer

sub r1, r0, #1000 @nake fiqg stack pointer

nsr cpsr_c, #0x12 @switch to irq nmode

nov sp, r0 @set irqg stack pointer
nsr cpsr_c, #0x11 @fiq node
mov sp, rl @set fiqg stack pointer

nsr cpsr_c, #0x13 @supervisor nmode F, 1 enabl ed
@Junp to C code

LDRIr, = main

MV pc, Ir

3.0 Downloading

Once you've produced the Intel .hex file output as the final result of compiling, linking and translating, it is time to download it to the
component board. A word of note here to the unwary of jargon. Sometimes you will see upload to flash other times you will see
download to flash. As either transaction is just electrons jiggling in a wire, the direction doesn’t make sense, so just pay attention to the
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destination.

The flash utility is fairly straight forward. Press the ... button to set the flash programming filename to the .hex file generated after all the
making is done (main.hex). Then press the update flash button. The first time is likely to fail because you've run your test program. So
wait for tthe timeout and error dialog and try again. This time you will receive a dialog asking you to reset the board. Make sure the
reboot jumper is on before you press the reset button. After you press the reset button, then click on the dialog and in about 10 seconds,
the download should be finished and it can be tested.

4.0 Testing
This phase usually ends quickly. The biggest part is the setup.

Switch either cables plugged into the board for a different com port hookup or switch comports between the download application and the
terminal application unless an LED display is fine for your purposes (With three colors, 8 states are possible.). The other thing to
remember is to remove the reboot jumper. Otherwise you will just boot back into the boot software. Press the reset pin with your terminal
program set to 9600, 8 bits and no parity. Hyperterm on Windows or Zterm on Mac OSX.

5.0 Final Result

There is a lot to get right and when it does you should see:

Test echo
and if you type, it should be echoed. Congratulations

6.0 Helps
These are the help screens from some of the tools and can be a useful reference:
6.1 Compiler: arm-elf-gcc --help

Usage: armelf-gcc [options] file...

pt i ons:
- pass- exi t - codes Exit with highest error code froma phase
--help D splay this information
--target-help D splay target specific conmand |ine options
(Wse '-v --help' to display command |ine options of sub-processes)
- dunpspecs Display all of the built in spec strings
- dunpver si on Di splay the version of the conpiler
- dunprachi ne Display the conpiler's target processor
-print-search-dirs Display the directories in the conpiler's search path

-print-libgcc-file-name D splay the nane of the conpiler's conpanion library
-print-file-nane=<lib> Dsplay the full path to library <lib>
-print-prog-nane=<prog> D splay the full path to conpiler conponent <prog>
-print-multi-directory D splay the root directory for versions of |ibgcc
-print-multi-lib Di splay the nappi ng between comrand |ine options and
multiple library search directories
-print-multi-os-directory Dsplay the relative path to G8 libraries

-V, <opti ons> Pass comma- separ at ed <options> on to the assenbl er
-W, <opti ons> Pass comma- separ at ed <options> on to the preprocessor
-W, <options> Pass comma- separ at ed <options> on to the |inker

-X i nker <arg> Pass <arg> on to the linker

-save-tenps Do not delete internediate files

- pi pe Use pipes rather than internediate files

-tine Time the execution of each subprocess

-specs=<fil e> Override built-in specs with the contents of <file>
- st d=<st andar d> Assune that the input sources are for <standard>
-B <directory> Add <directory> to the conpiler's search paths

-b <machi ne> Run gcc for target <machine>, if installed

-V <versi on> Run gcc version nunber <version> if installed

-V Di splay the prograns i nvoked by the conpiler
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- HitHt

-E

-S

-C

-0 <file>

-x <l anguage>

ptions starting with -g,

Li ke -v but options quoted and conmands not execut ed
Preprocess only; do not conpile, assenble or |ink
Conpi | e only; do not assenble or |ink

Conpi | e and assenbl e, but do not |ink

Pl ace the output into <file>

Speci fy the | anguage of the follow ng input files
Per nmi ssi bl e | anguages include: c c++ assenbl er none
‘none' neans revert to the default behavior of
guessi ng the | anguage based on the file's extension

-f, -m -Q -W or --paramare autonatically

passed on to the various sub-processes invoked by armelf-gcc. |In order to pass
other options on to these processes the -\l etter> options nmust be used.

6.1.1 Compiler Target: arm-elf-gcc --target-help

Target specific options:

-ncal | er-super-interworki Thunb: Assume function pointers may go to non- Thunb aware code
-ncal | ee-super-interworki Thunb: Assume non-static functions may be called from ARM code

-mpcs- | eaf -frane
-m pcs-frame

-t hunb
-mong-calls

- i ngl e- pi c- base

- mo- sched- pr ol og
-mabort - on- nor et urn
- nt hunb- i nt er wor k
-mwords-little-endian
-mittle-endian

- nbi g- endi an
-nhard-f| oat

-nsof t-f| oat

-mal i gnment -t r aps

- mapcs-reent r ant

- mapcs- f | oat

- mapcs- 26

- mapcs- 32

- npoke- f unct i on- nane
- mapcs- f rame

-npi c-regi ster=

Thunb: Generate (leaf) stack frames even if not needed
Thunb: Generate (non-leaf) stack franes even if not needed
Conpi | e for the Thunb not the ARM

Generate call insns as indirect calls, if necessary

Do not |oad the PIC register in function prol ogues

Do not nove instructions into a function's prol ogue
CGenerate a call to abort if a noreturn function returns
Support calls between Thunb and ARMinstruction sets
Assune big endian bytes, little endian words

Assune target CPU is configured as little endian
Assune target CPU is configured as big endian

Use hardware floating point instructions

Use library calls to performFP operations

The MMU will trap on unaligned accesses

Cenerate re-entrant, PIC code

Pass FP argunents in FP registers

Use the 26-bit version of the APCS

Use the 32-bit version of the APCS

Store function names in object code

Generate APCS confornant stack frames

Specify the register to be used for Pl C addressing

- et ruct ur e- si ze-boundary Specify the mnimumbit alignment of structures

_nf p:
-march=
- mepu=

Specify the version of the floating point emulator
Specify the name of the target architecture
Speci fy the nane of the target CPU

ARM speci fic assenbl er options:

-k

-t hunb

- nt hunb- i nt er wor k
- noabi

- mapcs- 32

- mapcs- 26

- mapcs- f | oat

- mapcs-reent rant

- mat pcs

- nbi g- endi an

generate PIC code

assenbl e Thunb code

support ARM Thunb i nt erwor ki ng

use old ABl (ELF only)

code uses 32-bit program counter
code uses 26-bit program counter
floating point args are in fp regs
re-entrant code

code i s ATPCS conf or nant

assenbl e for big-endian
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assenble for little-endian

use frane pointer

use stack size checking

assenbl e for CPU <cpu name>

assenbl e for architecture <arch name>
assenbl e for FPU architecture <fpu name>

-mittle-endian

- mapcs- f rame

- mapcs- st ack- check
- ntpu=<cpu name>

- mar ch=<ar ch nane>
- nf pu=<f pu name>

-EB assenbl e code for a big-endian cpu

-EL assenbl e code for a little-endian cpu
ar el f

- Bgr oup Sel ects group name | ookup rules for DSO

- - di sabl e- new dt ags
- - enabl e- new dt ags

D sabl e new dynani c tags
Enabl e new dynam c tags

- -eh-frame- hdr
-z conbrel oc
-z defs

-z initfirst
-z interpose
-z loadfltr

-z mul defs

-Z noconbr el oc
-Z nocopyr el oc
-z nodefaultlib
-Z nodel ete
-z nodl open
-Z nodunp

-Z now

-z origin

-z KEYWIRD

Qeate .eh frame_hdr section

Merge dynamic relocs into one section and sort

D sal | ows undefi ned synbol s

Mark DSOto be initialized first at runtine

Mark object to interpose all DSGs but executabl e

Mar k obj ect requiring i mredi ate process

Alow nultiple definitions

Don't nerge dynanic relocs into one section

Don't create copy rel ocs

Mark object not to use default search paths

Mark DSO non-del etable at runtine

Mark DSO not avail abl e to dl open

Mark DSO not avail abl e to dl dunp

Mar k obj ect non-lazy runtime bindi ng

Mark obj ect requiring i medi ate $OR @ N pr ocessi ng
at runtine

Ignored for Solaris conpatibility

-p --no-pipeline-know edge Stop the |inker knowi ng about the pipeline |ength

- -t hunb- ent r y=<syne

Set the entry point to be Thunb synbol <syne

6.2 Assembler: arm-elf-as --help

Usage: armelf-as [option...] [asnfile...]
pti ons:
-a[ sub-option...] turn on listings
Sub-options [default hls]:
onit false conditionals
onit debugging directives
i ncl ude high-1evel source
i ncl ude assenbly
i ncl ude macro expansi ons
ont forns processing
s i ncl ude synbol s
=FILE list to FILE (rmust be I ast sub-option)
-D produce assenbl er debuggi ng nessages
- - def sym SYM-VAL define synbol SYMto given val ue
-f ski p whitespace and comrent preprocessing
--gstabs generate stabs debuggi ng infornation
--gdwarf2 gener ate DWARF2 debuggi ng i nformation
--hel p show t hi s message and exit
--target-help show target specific options
-1 DR add DR to search list for .include directives
-J don't warn about signed overfl ow

5 3T 5T ao
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-K warn when differences altered for |long displ acenents

-L,--keep-local s keep local synbols (e.g. starting with L")
-M--nri assenble in MR conpatibility node
--MD FI LE wite dependency information in FILE (default none)
- nocpp i gnored
-0 GBJFI LE nane the object-file output CBIFILE (default a.out)
-R fold data section into text section
--statistics print various measured statistics fromexecution
--strip-local -absolute strip |ocal absolute synbols
--traditional -format Use sane fornat as native assenbl er when possibl e
--version print assenbl er version nunber and exit
-W --no-warn suppr ess war ni ngs
--warn don't suppress warni ngs
- -fatal -warni ngs treat warnings as errors
--itbl I NSTTBL extend instruction set to include instructions

mat ching the specifications defined in file | NSTTBL
-w i gnored
-X i gnored
-Z generate object file even after errors
--listing-1hs-wdth set the width in words of the output data col um of

the listing
--listing-1hs-w dth2 set the width in words of the continuation |ines

of the output data colum; ignored if smaller than
the width of the first line

--listing-rhs-wdth set the max width in characters of the lines from
the source file
--listing-cont-lines set the nmaxi mum nunber of continuation |ines used

for the output data colum of the listing
ARM speci fi c assenbl er options:

-k generate Pl C code

-t hunb assenbl e Thunb code

- m hunb- i nt er wor k support ARM Thunb i nt erwor ki ng

- moabi use old ABl (ELF only)

- mapcs- 32 code uses 32-bit program counter

- mapcs- 26 code uses 26-bit program counter

- mapcs- f | oat floating point args are in fp regs

- mapcs- reent r ant re-entrant code

- mat pcs code is ATPCS conf or mant

- nbi g- endi an assenbl e for big-endian
-mittle-endian assenble for little-endian

- mapcs- f rame use frane pointer

- mapcs- st ack- check use stack size checking

- Mcpu=<cpu nane> assenbl e for CPU <cpu name>

- mar ch=<ar ch nane> assenbl e for architecture <arch name>
- nf pu=<f pu name> assenbl e for FPU architecture <fpu name>
-EB assenbl e code for a big-endian cpu
-EL assenbl e code for a little-endian cpu

6.3 Loader: arm-elf-Id --help

Usage: armelf-1d [options] file...
pti ons:
-a KEYWORD Shared library control for HP/UX conpatibility
-A ARCH --architecture ARCH
Set architecture
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-b TARCET, --format TARGET Specify target for followi ng input files
-c FILE, --nri-script FILE Read MR fornat |inker script

-d, -dc, -dp Force common synbol s to be defined
-e ADDRESS, --entry ADDRESS Set start address

-E, --export-dynam c Export all dynam c synbol s

-EB Li nk bi g-endi an obj ects

-EL Link little-endi an objects

-f SHLIB, --auxiliary SHLIB Auxiliary filter for shared object synbol table
-F SHIB, --filter SH.IB Filter for shared object synbol table
-g I gnor ed
-G SIZE, --gpsize Sl ZE Smal |l data size (if no size, same as --shared)
-h FI LENAME, -sonane Fl LENAME

Set internal name of shared library
-1 PROERAM --dynam c-1inker PROGRAM

Set PROGRAM as the dynanmic |inker to use

-1 LIBNAME, --library LIBNAVE

Search for library LI BNAMVE
-L DRECTCRY, --library-path D RECTCRY

Add D RECTCRY to library search path
-m EMULATI ON Set emul ation
-M --print-map Print map file on standard out put
-n, --nmagic Do not page align data
-N --omagic Do not page align data, do not make text readonly
- - no- omagi ¢ Page align data, nake text readonly
-0 FILE, --output FILE Set output file nane
-0 ptimze output file
-Qy Ignored for SVR4 compatibility
-g, --emt-relocs Generate relocations in final output
-r, -i, --relocateabl e Generat e rel ocat eabl e out put

-RFILE, --just-synbols FILE
Just link synmbols (if directory, sane as --rpath)

-5, --strip-all Strip all synbols

-S, --strip-debug Strip debuggi ng synbol s

--strip-discarded Strip synbol s in discarded sections
--no-stri p-di scarded Do not strip synbols in discarded sections
-t, --trace Trace file opens

-T FILE, --script FILE Read |inker script

-u SYMBAL, --undefined SYMBCL
Start with undefined reference to SYMBOL

--uni que [=SECTI O\ Don't nerge input [SECTION | orphan] sections
- U Bui I d gl obal constructor/destructor tables
-V, --version Print version information

-V Print version and enul ation information

-X, --discard-all D scard all |ocal synbols

-X, --discard-locals D scard tenporary |ocal synbols (default)

- - di scar d- none Don't discard any | ocal synbol s

-y SYMBAL, --trace-synbol SYMBCL
Trace nentions of SYMBCL

-Y PATH Default search path for Solaris conpatibility
-(, --start-group Start a group
-), --end-group End a group

- -accept - unknown- i nput - arch Accept input files whose architecture cannot be determ ned
- - no- accept - unknown- i nput - ar ch

Reject input files whose architecture is unknown
-assert KEYWIRD Ignored for SunCsS conpatibility
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-Bdynam c, -dy, -call_shared

Li nk agai nst shared libraries
-Bstatic, -dn, -non_shared, -static

Do not |ink against shared libraries

- Bsynbol i ¢ Bi nd gl obal references locally

- - check- secti ons Check section addresses for overlaps (default)
- - no- check- secti ons Do not check section addresses for overl aps
--cref Qut put cross reference table

- - def sym SYMBOL=EXPRESS| ON Defi ne a synbol

--denangl e [ =STYLE] Demangl e synbol nanes [using STYLE]

- - enbedded-r el ocs Cener at e enbedded rel ocs

-fini SYMBQL Call SYMBQL at unl oad-time

--force-exe-suffix Force generation of file with .exe suffix
--gc-sections Rermove unused sections (on some targets)

- -no- gc- secti ons Don't remove unused sections (default)

--hel p Print option help

-init SYMBOL Call SYMBOL at |oad-tine

-Map FI LE Wite a map file

- - no- def i ne- conmon Do not define Conmon storage

- - no- demangl e Do not demangl e synbol nares

- - no- keep- menory Use | ess menory and nmore disk 1/0

- - no- undef i ned Al ow no undefi ned synbol s

--al |l owshl i b-undefi ned Al ow undefined synbol s in shared objects (the default)

--no-al |l ow shlib-undefined Do not allow undefined synbols in shared objects
--allownultiple-definition All ow nul tiple definitions

- - no- undef i ned- ver si on D sal | ow undefined version

- - no-war n- m snat ch Don't warn about mismatched input files

- - no- whol e-ar chi ve Turn of f --whol e-archive

- - noi nhi bi t - exec Oeate an output file even if errors occur

-nostdlib Only use library directories specified on
the command |ine

--of ormat TARGET Specify target of output file

-gmagi ¢ Ignored for Linux conpatibility

--rel ax Rel ax branches on certain targets

--retain-synbol s-file FILE Keep only synbols listed in FILE

-rpath PATH Set runtime shared |ibrary search path

-rpath-1ink PATH Set link time shared library search path

-shared, -Bshareabl e Oeate a shared library

--sort-conmon Sort common synbol s by size

--spare-dynam c-tags CONT How rmany tags to reserve in .dynanm c section

--split-by-file [=SI ZE] Split output sections every SIZE octets

--split-by-rel oc [=COUNT] Split output sections every COUNT rel ocs

--stats Print nemory usage statistics

--target-hel p D splay target specific options

--task-1ink SYMBCL Do task level linking

--traditional -fornat Use sane fornat as native |inker

--section-start SECTI ON=ADDRESS
Set address of naned section

- Tbss ADDRESS Set address of .bss section

- Tdat a ADDRESS Set address of .data section

- Tt ext ADDRESS Set address of .text section
--verbose Qutput lots of information during |ink
--version-script FILE Read version information script

--versi on- exports-secti on SYMBCL
Take export synbols list from.exports, using
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SYMBOL as the version.

- - War n- conmon Warn about duplicate comron synbol s
--warn-constructors Warn if global constructors/destructors are seen
--warn-mul tiple-gp Warn if the multiple GP val ues are used

- -war n-once Warn only once per undefined synbol
--warn-section-align Warn if start of section changes due to alignment
- -fatal -warni ngs Treat warnings as errors

- -whol e-ar chi ve Include all objects fromfollow ng archives
--wap SYMBCOL Use w apper functions for SYMBCL

--npc860cO [ =WORDS] Modi fy probl ematic branches in |ast WORDS (1- 10,

default 5) words of a page

armelf-1d: supported targets: el f32-littlearmel f32-bigarmelf32-little elf32-big
srec synbol srec tekhex binary ihex

armel f-1d: supported enul ations: armelf

armel f-1d: enulation specific options:

armel f:
- Bgr oup Sel ects group name | ookup rules for DSO
--disabl e-newdtags D sabl e new dynam c tags
- - enabl e- new dt ags Enabl e new dynam c tags
- -eh-frame- hdr Qeate .eh frame_hdr section
-z conbrel oc Merge dynamic relocs into one section and sort
-z defs D sal | ows undefi ned synbol s
-z initfirst Mark DSOto be initialized first at runtine
-z interpose Mark object to interpose all DSCs but executabl e
-z loadfltr Mar k obj ect requiring i mredi ate process
-z nul defs Alow nultiple definitions
-Z noconbr el oc Don't nerge dynanic relocs into one section
-z nocopyr el oc Don't create copy rel ocs
-z nodefaultlib Mark object not to use default search paths
-z nodel ete Mark DSO non-del etable at runtine
-z nodl open Mark DSO not avail abl e to dl open
-Z nodunp Mark DSO not avail abl e to dl dunp
-Z now Mar k obj ect non-lazy runtime bindi ng
-z origin Mark object requiring i medi ate $OR G N processi ng
at runtine
-z KEYWRD Ignored for Solaris conpatibility
-p --no-pipeline-know edge Stop the |inker knowi ng about the pipeline |ength
- -t hunb- ent r y=<syne Set the entry point to be Thunb synbol <syn®

6.4 Translation: arm-elf-objcopy --help

Usage: armel f-objcopy [option(s)] in-file [out-file]
Copies a binary file, possibly transforning it in the process
The options are:

-1 --input-target <bfdnane> Assurre input file is in format <bfdnane>
-O--output-target <bfdname> Oeate an output file in format <bfdname>
-B --binary-architecture <arch> Set arch of output file, when input is binary
-F --target <bfdname> Set both input and output fornmat to <bfdname>
- - debuggi ng Convert debuggi ng information, if possible
-p --preserve-dates Copy nodi fied/ access tinestanps to the out put
-j --only-section <name> Only copy section <name> into the out put
-R --renove-section <name> Rermove section <name> fromthe out put
-S --strip-all Rermove all synbol and relocation infornmation
-g --strip-debug Rermove al | debuggi ng synbol s
--strip-unneeded Rermove all synbol s not needed by rel ocati ons
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-N --strip-synbol <nanme> Do not copy synbol <nane>

-K --keep-synbol <nane> Only copy synbol <nane>
-L --localize-synbol <name> For ce synbol <nanme> to be marked as a | ocal
-G --keep-gl obal -synbol <name> Localize all synbols except <name>
-W--weaken- synbol <name> Force synbol <nane> to be marked as a weak
- -weaken Force all global synbols to be marked as weak
-X --discard-all Rermove al | non-gl obal synbol s
-X --discard-local s Rermmove any conpi | er-generated synbol s
-i --interleave <nunber> Only copy one out of every <nunber> bytes
-b --byte <nunve Sel ect byte <nunm» in every interleaved bl ock
--gap-fill <val > Fill gaps between sections with <val >
--pad-to <addr> Pad the |ast section up to address <addr>
--set-start <addr> Set the start address to <addr>

{--change-start|--adjust-start} <incr>
Add <incr> to the start address
{- - change- addr esses| - - adj ust - vna} <i ncr>
Add <incr> to LMA VMA and start addresses
{--change-secti on- addr ess| - - adj ust - secti on-vrma} <name>{=| +| -} <val >
Change LMA and VMA of section <nane> by <val >
--change- section-1 ma <name>{=| +| -} <val >
Change the LMA of section <nane> by <val >
- -change- secti on-vima <name>{=| +| - } <val >
Change the VWA of section <pane> by <val >
{- - [ no-] change- war ni ngs| - - [ no-] adj ust - war ni ngs}
Warn if a naned section does not exi st
--set-section-flags <name>=<fl ags>
Set section <name>'s properties to <flags>
--add-section <nane>=<file> Add section <nane> found in <file> to output
--renamne-section <ol d>=<new>[, <fl ags>] Rename section <ol d> to <new>

- - change- | eadi ng- char Force output format's |eading character style
- -renove- | eadi ng- char Rermove | eadi ng character from gl obal synbols
- -r edef i ne- sym <ol d>=<new> Redef i ne synbol nane <ol d> to <new>
--srec-len <nunber> Restrict the length of generated Srecords
--srec-forceS3 Restrict the type of generated Srecords to S3
--strip-synbols <file> -Nfor all synbols listed in <file>
--keep-synbol s <file> -Kfor all synbols listed in <file>
--localize-synbols <file> -L for all synbols listed in <file>

--keep-gl obal -synbol s <file> -Gfor all synbols listed in <file>

- -weaken-synbol s <fil e> -Wfor all synbols listed in <file>

--al t- machi ne- code <i ndex> Use alternate machi ne code for output
--prefix-synbol s <prefix> Add <prefix> to start of every synbol name

--prefix-sections <prefix> Add <prefix> to start of every section name
--prefix-alloc-sections <prefix>
Add <prefix> to start of every all ocatabl e
section namne

-V --verbose List all object files nodified
-V --version D splay this program s version nunber
-h --help D splay this output
--info Li st object formats & architectures supported

armel f-obj copy: supported targets: elf32-littlearmelf32-bigarmelf2-little elf32-big
srec synbol srec tekhex binary ihex
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