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Agenda

 GNU Linker Introduction.
» Typical structure of a single bootable image.
 GNU linker default settings.
 Creating a standalone image.
« Linker script handling.

 Packing the output in binary format.
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GNU Linker Introduction

GNU linker (or GNU 1d) is the GNU project's implementation of
the Unix command 1d.

Part of the GNU Binary utilities (binutils).

GNU linker is a free software, distributed under the terms of
GPL.

www.trego.co.il
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GNU Linker Introduction

Image Code

* elf
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Board
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GNU Linker Introduction

<Arch>-elf-1d

— control the positioning and attributes of object code
— control details using a linker-script (.Id file)
- numerous interacting options (flexibility)

www.trego.co.il
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Other GNU Tools

* <Arch>-elf-objcopy

- converting file format (srec, ihex, binary)
* <Arch>-elf-objdump

- check an executable’s layout

« <Arch>-elf-readelf

- Display information about the content of an ELF format file.

www.trego.co.il
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A Bootable Image

Typical structure
e Startup

« Some hardware and C run-time initialize code.

« MUST be located at a specific (Reset vector).
« Application code (Instructions)

» Constant data

« Constants and binary data

www.trego.co.il



WTHEGD

Embedded Real-Time Solutions

A Bootable Image

 Initialized variables

» Initial values — must be loaded at boot.

 Uninitialized variables

www.trego.co.il
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A Bootable Image

Memory Map Internal
/ M emo ry

Startup /

Code External
Consts. Memory
Init vars

Uninit.
vars
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GNU linker defaults

« The GNU Linker (Id) uses a built-in default linker script.
« Use this script as the basis for building your own linker script.

« To view this script:

- <Arch>-elf-1d --verbose

www.trego.co.il
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GNU linker defaults

<& Applications Actions Ty o5 S EH -

ravivi tregolnxl:~farm_toolchain/gnuarm-3.4.3/bin

File Edit Wiew Terminal Tabs Help

[raviv@tregolnxl binl¥f ./ arm-elf-1d ——verbose
GNU 1d wersiomn 2.15

Supported emulations:

armelf
using internal linker script:

A% Script for —-=z combreloc: combine and sort reloc sections */

OUTPUT_FORMAT("elf32-1ittlearm"”, "elf32-bigarm",
"elf3Z2-1littlearm' )
OUTPUT_ARCH(Carm)

EMNTRY ( _start)
SEARCH_DIR(" /srv/shared/gnuarm/gnuarm—3.4.3 /arm—elf/1ib" ) ;
A% Do we need any of these for =1f7
DYNAMIC = 0O; =7
SECTIONS
1
A% Read-only sections, merged into text segment: *)
PROVIDE (_ ewecutable_start = 0x8000>3; . = 0x8000;

.interp : {4 *(.interpl) ¥
.hash : { *(.hash) 1}
.dyvnsvym : { *(.dvnsvm) ¥
.dynstr : { *({.dynstr) }
.gnu. version : { *{.gnu.version) }
.gnu.version_d : { *{.gnu.wversion_d) }
.gnu.version_r : { *{.gnu.version_r) }
.rel.dyn H

1

={.rel.init)
*{.rel.text .rel.text.™ .rel.grmai.linkonce.t.*)
“{.rel.fini)
*{.rel.rodata .rel.rodata.”® .rel.gnu.linkonce.r.®™)
*{.rel.data .rel.data.”® .rel.gnu.linkonce.d.*)
*{.rel.tdata .rel.tdata.®* .rel.gnu.linkonce.td.*)
*{.rel.tbss .rel.tbss.®* .rel.gmu.linkonce.tb.*)
#{ .rel.ctors)
= .rel._.dtors)
. rel.got)
*.rel.bss .rel.bss.* .rel.gnu.linkonce.b.*)

¥

.rela.dvn H

1
*{.rela.init)
*{.rela.text .rela.text.® .rela.gnu.linkonce.t.®*)
= .rela.fini)
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GNU linker defaults

raviva tregolnxl:—/arm_toolchain/fgnuarm-3.4. 3/bin

FEile Edit Wiew Terminal Tabs Help
.rela.plt { *(.rela.plt) *

.Amndt

KEEP (*({.dimitl)
T =0
-plt
-text
i

1 *C.plt) }

= .text .stub .text.® .gnu.linkonce.t.™)

AT tgnua.warning sections are handled specially by elf32.em. E A
= .gnu.warning)

= .glue_7rvtd) ={.glue_7)

¥ =0
.Fima H
1
KEEP (= .fimil)
=0
PROVIDE (_ _etext = .J:
PROVIDE (_etext = .J;
PROVIDE (etext = .J);:
. rodata : { *({.rodata .rodata.® .gnu.linkonce.r.*) }
. rodatal = { #*F{ _.rodatald }
.eh frame_hdr : { *(.eh frame_ hdr) }
A7 Adjust the address for the data segment. We want to adjust up to
the same address within the page on the next page up. =
. = ALTIGN(C2568) + (. & (256 — 113D ;
A% Ensure the _ preinit_array_start label is properly aligned. We

could instead mowve the label definition inside the section, but
the linker would then create the section even if it turns out to

be emptv, which isn"t prettwy. =4
. = ALTGN(3Z J, B):
PROVIDE (_ preinit arrav_start = .J;
.preinit_arravw : 4 *(.preinit_arrav) }
PROVIDE (__ _preinit_arrav_end = .J);
PROVIDE (__dimnit_arrav_start = .DJ:
dnit _arraw : { F(.dinit_arrawv) ¥
PROVIDE (__dimnit_arrav_end = .J;:
PROVIDE (__ _fimi arrav_start = .D:
.Fini_arraw : { F(.fini_arrawv) ¥
PROVIDE (__ fimi arrav_end = .DJ;:
-data H

1
data_start = . ;
={.data .data.®* .grnu.linkonce.d.*)
SORT(CONSTRUCTORS )
T
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GNU linker defaults

& Applications Actions % o= S .

= ravivi@ tregolnxl:~/farm_toolchain
File Edit Wieww Terminal Tabs Help

.got : { *C.got.plt) *(.gotd) I
_edata = .
PROVIDE (edata = .DJ);
_ _bss_start = - :
_ _bss_start_ = .;
-bss g
L
= .dvnb=ss)
={ .bss .bss.* .gnu.linkonce.b.*)
= CCOMMOMN 3
AT Aldign here to ensure that the .bss section occcupies space up to
_end. Align after .bss to ensure correct alignment ewven if the
.bss section disappears because there are no input sections. -
. = ATLIGN(3IZ2 , 8D
¥
. = ATLTGN(32 , 8);
_erd = .
_bss__end = . : _ _bss_ end = = g eruc = . g
FROVIDE (end = .J;:
A7 Stabs debugging sections. =4
.stab 0O - { #(.stab) }
.stabstr o - { *{.stabstr) }
.stab._.excl O - { *{.stab.excl) }
.stab.exclstr 0O - { *#(.stab.exclstr) I}
.stab.index 0O - { *#(.stab.index) }
.stab.indexstr 0 : { *(.stab.indexstr) ¥}
Ccommernt o - { *{.comment) }

AF DWARF debug sections.
Syvmbols in the DWARF debugging sections are relatiwve to the begimnnming

of the section so we begim them at O. =4
S DWARF 1 =)
-.debug o : 4 =({.debug) ¥
Sline o : { FL.linmne) %

A% OGN DWARF 1 extensions
.debug_srcinfo : 4 *({.debug_srcinfol) }
.debug__sfnames : 4 F({.debug_sfnames) }
A% DWARF 1.1 and DWARF 2 =

oQ

.debug_aranges
.debug__pubnames
A% DWARFEF 2 =/
.debug__info
.debug__abbrew
.debug__line
_dehus Frame

2000 QO

*{ .debug_aranges) }
= .debug_pubnamesJ) }

= .debug_info .grnu.linkonce.wi.*)
= .debug_abbrewl) I

*{ .debug_line) I

= _dehus Fframed T

PP e

¥
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GNU linker defaults

« Simple program outputs:

. /homejraviv/linker_lectjexamplel/hello.map -gedit

Eile Edit View Search Tools Documents Help

€ & .\ & | 9 e 5 B B a 7

MNew Open Save Print Undo Redo Cut Copy Paste Find Replace

# Makefile hello.map |

Memory Configuration

Name Origin Length Attributes
*default™ 0x00000000 Oxffffffff

Linker script and memory map

LOAD /home/raviv/arm_toolchain/gnuarm-3.4.3/bin/../lib/occ/arm-elfy/3.4.3/crti.o

LOAD /home/raviv/arm_toolchain/gnuarm-3.4.3/bin/../lib/gcc/arm-elf/3.4.3/crtbhegin.o

LOAD /home/raviv/arm_toolchain/gnuarm-3.4.3/bin/../lib/gcc/arm-elfy/3.4.3/../../../../arm-elf/lib/crt0.0
LOAD /tmp/cc2XB8L7i.o

s
s

LOAD /home/raviv/arm_toolchain/gnuarm-3.4.3/bin/../lib/occc/arm-elf/3.4.3/1ibgcc.a

LOAD /home/raviv/arm_toolchain/gnuarm-3.4.3/bin/../lib/gcc/arm-elfy/3.4.3/../../../../arm-elf/1lib/libc.a
LOAD /home/raviv/arm_toolchain/gnuarm-3.4.3/bin/../lib/gcc/arm-elf/3.4.3/1ibgcc.a

LOAD /home/raviv/arm_toolchain/gnuarm-3.4.3/bin/../lib/occc/arm-elf/3.4.3/crtend.o

LOAD /home/raviv/arm_toolchain/gnuarm-3.4.3/bin/../lib/gcc/arm-elfy/3.4.3/crtn.o

0x00008000 PROVIDE (__executable_start, O0x8000)
Ox00008000 . = 0Ox8000
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GNU linker defaults

Simple program outputs:

Shome/raviv/linker_lectfexamplel/hello.map - gedit

R e R

File Edit Wiew Searc Tools Documents Help
= . =] 9 & = O D E &7
Mew Cpen Save Print Undo Redo Cut Copy Paste Find Replace
= Makefile > | hello.map = |
.rela.plt
*{.rela.plt)
.dnit 000008000 Ox1c
(.indit)
LdAnit O0x00008000 Oxc Shome/raviv,/arm_toolchain/gnuarm-3.4.3/bin/../lib/gcc/arm—elf/3.4_.3/crti.o
O=00008000 _dnit
.init Ox0000800¢C O0x4 Jhome/raviv/arm_toolchain/gnuarm-3.4.3/bin/. ./ /1lib/gcc/arm-elf/3 . 4.3 /crtbegin.o
.dinit O0x00008010 Ox4 Shome/raviv/arm_toolchain/gnuarm-3.4.3/bin/. . /1lib/egcc/arm—elf/3.4.3/crtend.o
LdAnit 0Ox00008014 O0x8 Shome/raviv,/arm_toolchain/gnuarm-3.4.3/bin/../lib/gcc/arm—elf/3.4._.3/crtn.o
-plt
*(.plt)
.text O0x0000801c Ox7d20
*(.text .stub .text.* _.gnu.linkonce.t.*)
.text Ox0000B01c Oxf4 /home/raviv,/arm_toolchain/gnuarm-3.4.3/bin/. . slib/sgcc/arm—-elfy/3.4.3,/crtbegin.o
.text O0x00008110 O0x108 home/raviv,/arm_toolchain/gnuarm-3.4.3/bin/. . /lib/sgccsarm—-elfs /3. 4.3/ ./ . /...,
elf/libf/crt0. o
O0x0000E8110 _mainCRTStartup
O0x0000E8110 _start
O0x00008110 start
.text Ox00008218 O0x34 Stmp,/ccZ2XBL71i .o
OHROOOO8218 Waii
.text Ox0000824c 0x94 //home/raviv,/arm_toolchain/gnuarm-3.4.3/bin/. . /slib/gcc/arm—-elf/ /3. 42.3,/. . ./../../ ../
elf/1lib/libe . a(atexit.o)
0x0000824c atexit
.text Ox00008220 Oxc8& home/raviv,/arm_toolchain/gnuarm-3.4.3/bin/..//lib/gcc/arm—elf/ /3. 4.3,/../../../../;

- -

www.trego.co.il
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GNU linker defaults

« Simple program outputs:

ravivi@ tregolnxl:~/linker_lectfexamplel

File Edit Miew Terminal Tabs Help

[raviv@tregolnxl examplel]® arm-elf-readelf -h hello

ELF Header:
Magic: 7f 45 4c 46 01 01 01 &1 00 OO OO OO OO 0O 00 0O
Class: ELF32
Data: 2's complement, little endian
Version: 1 (current)
05/ABT : ARM
ABT Version: 0
Tvpe: EXEC (Executable file)
Machine: ARM
Version: Ox1
|Entry point address: DxBllD|
Start of program headers: 52 (bytes into file)
Start of section headers: 210440 (bytes into file)
Flags: Ox2, has entry point, GNU EAET
Size of this header: 52 (bytes)
Size of program headers: 32 (bytes)
Number of program headers: 2
Size of section headers: 40 (bytes)
Number of section headers: 24

Section header string table index: 21

www.trego.co.il
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GNU linker defaults

 Can this image boot standalone on my machine?

« Need to create a standalone image suiting my machine
requirements:

- Customize startup
- Instructions (.text) organizing

- Data (.data , .bss , ...) organizing

www.trego.co.il 17
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Creating a standalone image

« Link without default (tool-chain) start files.

- LDFLAGS += -nostartfiles
 Provide your custom linker command file (.1d)

- LDFLAGS += -T linkcmd.ld
 Setup the code entry point.

 Provide the linker with the machine memory segments .

- Special consideration for boot memory segment.
 Provide your custom start file (.asm)

www.trego.co.il
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Creating a standalone image

Step 1 - Link without default (tool-chain) start files:

ravivd@ tregolnxl:~/linker_lect/example2

File Edit Miew Terminal Tabs Help

Car

[raviv@tregolnxl example2]$ make
arm-elf-gcc —nostartfiles -Wl,-Map -Wl,hello.map -o hello hello.c
fhome /raviv,/arm_toolchain/gnuarm-3.4.3/bin/. . /1lib/gcc/arm-elf/3.4.3/../../../. . farm-elf/bin/1ld: warning:

defaulting to 00008000

ot find entrv symbol _start:

1]
[raviv@tregolnxl example2]®
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Creating a standalone image

[home/fraviv/linker_lect/example2/hello.map - gedit

File Edit Wiew Search Tools Documents Help

¢4 2 . W4 & 9 ¢ = DO B | B ¥

New Open Save Print Undo Redo Cut Copy Paste Find Replace

linkemd.ld X | - Makefile % | hello.map x |
elf/I1b/11ibc.a(reent.o)

Memory Configuration

Name Origin Length Attributes
“defaul t* 0x00000000 Oxffffffff

Linker script and memory map

LOAD /tmp/ccBp3jYH.o
LOAD /home/raviv/arm_toolchain/gnuarm-3.4.3/bin/../lib/gcc/arm-elf/3.4.3/1libgcc.a
LOAD /home/raviv/arm_toolchain/gnuarm-3.4.3/bin/../lib/gcc/arm-elf/3.4.3/../../../../arm-elf/1lib/libc.a
LOAD /home/raviv/arm_toolchain/gnuarm-3.4.3/bin/../lib/gcc/arm-elf/3.4.3/1ibgcc.a
0x00008000 PROVIDE (__executable_start, 0x8000)
0x00008000 . = 0x8000

www.trego.co.il 20
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Creating a standalone image

« Step 2 - Setup the code entry point

fhome/raviv/linker_lect/example2_2/linkcmd.ld - gedit

File Edit WView 5Search Tools Documents Help

¢4 =@ . @B & 9 e B D D B

Mew Open Save Print Undo Redo Cut Copy Paste Find Replace

| linkemd.ld =

l/* custom Linker command file */

/* Script for -z combreloc: combine and sort reloc sections */
OUTPUT_FORMAT("elf32-littlearm"”, "elf32-bigarm",

"elf3Z2-littlearm")
OUTPUT_ARCH(arm)
[ENTRY (_start) |

SEARCH_DIR("/srv/shared/gnuarm/gnuarm-3.4.3/arm-elf/1ib");

www.trego.co.il
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Creating a standalone image

« Step 3 - Provide the linker with the machine memory segments

B

File Edit View Search Tools Documents Help

4 T . &d & 9 e = b b B %

New Open Save Print Undo Redo Cut Copy Paste Find Replace

linkemd.ld =

V* Custom Linker command file */

Jhome/ravivilinker_lect/examplez_2/linkcmd.ld - gedit

/* Script for -z combreloc: combine and sort reloc sections */

OUTPUT_FORMAT("elf32-1littlearm", "elf32-bigarm",
"elf32-littlearm")

OUTPUT_ARCH(arm)

ENTRY(_start)

SEARCH_DIR("/srv/shared/gnuarm/gnuarm-3.4.3/arm-elf/1ib");

/* Provide the linker with the machine memory segments */
MEMORY
i
startup : ORIGIN = 0x0, LENGTH = 128K
b

www.trego.co.il 22
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Creating a standalone image

raviv@ tregolnxl:~/linker_lect/example2_2

Edit Niew Terminal Tabs

FEile Help
[raviv@tregolnxl example2_2]1% make

arm-elf-gcc —-nostartfiles -Wl,-Map -Wl,hello.map -W1l,-T -Wl,linkcmd.ld -o hello hello.c

Jhome /raviv/arm_toolchain/gnuarm-3.4.3/bin/../1lib/gcc/arm-elf/3.4.3/../../.. /.. farm—elf/bin/ld: warning: cannot fin

defaulting to 00000000

d entry symbol _start;
[TavivEtregolnxKl exanples_21%

www.trego.co.il
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Creating a standalone image

 Step 4 - Provide your custom start file

(homefraviv/linker_lect/example2_3/hello.map - gedit

File Edit View Search Tools Documents Help

O & .68 & % ¢ 5 B P @ ¢

New Open Save Print Undo  Redo Cut Copy  Paste Find Replace
hello.map
errno 0x4 /home/raviv/arm_toolchain/gnuarm-3.4.3/bin/../lib/gcc/arm-elf/3.4.3/../../../../a

elf/lib/libec.a(reent.o)

Memory Configuration

Name Origin Length Attributes
startup 0x00000000 0x00020000
“default® 0x00000000 Oxffffffff

Linker script and memory map

LOAD start.o
LOAD hello.ol

.text 0x00000000 0x7984

*(.text .stub .text.* .gnu.linkonce.t.®)

.text 0x00000000 Oxc start.o
0x00000000 _start

ctext 0x0000000¢ 0x34 hello.o

0x0000000c main
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Creating a standalone image

raviv@ tregolnxl:~/linker_lectfexample2_3

Eile Edit View Terminal Tabs Help

hello: file format elf32-1ittlearm
Disassembly of section .text:

00000000 <_start:>:

O: ead00000 b B < _reset>
00000004 <_main::
4: 0000000 c andeq ro, rO, ip
00000008 <_reset>:
B: e51f£ff00c 1ldr pc, [pc, #-12] 1 4 «_main>
0O00000c <maire: ]
C: elaOcO0d mow ip, sp
10: e924ddaoo stmdb sp!, {fp. ip, 1lr, pc}
14: e24cb004 sub fp, ip. #4 : Ox4
18: 22444008 sub sp, sp, #8 : Ox8
1c: ebh0b0010 str ro, [fp., #-16]
20: e50bl014 str rl, [fp. #-20]
24 : e58f0010 1ldr r0, [pc, #16] ; 3c <.text+0Ox3c>
28: eb000004 bl 64 <zprintf>
2c: e3a03000 mow r3, #0O : OO0
30: ela0O003 mow rd, r3
34: e24bd00c sub sp, fp. #12 ;. Omc
38: eg8dag00 ldmia sp, 1fp. sp, pc}
3c: 00007984 andeq r7y, rO, r4, 1s1 #19
- L
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Image spread to memory segments

 Provide the linker with the machine memory segments .
- Special consideration for boot memory segment.
« Create the sections residing in different physical memories:
- Instructions (.text)
- Data (.data , .bss)
- Constants (.rodata)

 Place relevant sections in appropriate memory segment.
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Image spread to memory segments

« Step 1 - Provide the linker with the machine memory segments

/homefraviv/linker_lect/example3_1/linkcmd.ld - gedit

File Edit Wiew Search Tools Documents Help

O & .68 & 9 ¢ B DI B @9 ¥

New Open Save Print Undo  Redo Cut Copy  Paste Find Replace

linkcmd.ld =

/* Custom Linker command file */

/* Script for -z combreloc: combine and sort reloc sections */

OUTPUT_FORMAT("elf32-1littlearm", "elf32-bigarm",
"elf3Z2-littlearm")

OUTPUT_ARCH(arm)

ENTRY(_start)

SEARCH_DIR("/srv/shared/gnuarm/gnuarm-3.4.3/arm-elf/1ib");

* Provide the linker with the machine memory segments */
MEMORY
i
startup : ORIGIN = Ox0, LENGTH = BK
i_iram : ORIGIN = 0x2000, LENGTH = 56K
d_iram : ORIGIN = 0x10000, LENGTH = 64K
i_eram : ORIGIN = 0x40000000, LENGTH = h024k
d_eram : ORIGIN = Ox40100000, LENGTH = 1024k
b

SECTIONS
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Image spread to memory segments

« Step 2 - Create the sections residing in different physical memories

yd SECTIONS

{

-text_eram
1
(. text .stub .text.* .gnu.linkonce.t.*)
¥ Lonu.warning sections are handled specially by elf32 . em. o
= .gnu.warning)
= .glue_7t) *=(.glue_7)
T > 1_eram
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Image spread to memory segments

J/homefraviv/linker_lectfexample3 1/hello.map - gedit

File Edit Miew Search Tools Documents Help
B E a8 9 ¢ | B D D B %
- New Open Save Print Undo Redo Cut Copy Paste Find Replace

/7 hello.map =
Linker script and memory map
LOoAD start.o
LOAD hello.o

Jtext_eram 0x40000000 0Ox7944

*(.text .stub .text.* .gnu.linkonce.t.¥*)

.text 0x40000000 0x54 /home/raviv/arm_toolchain/gnuarm-3.4.3/bin/../lib/gcc/arm-elfy/3. 4.3/ _./../../../arm
a1F /MMl iTihe afreninted A0

www.trego.co.il 29
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Image packing

Packing the image in binary format (for flash programing)

- <arch>-elf-objcopy --gap-fill OxFF -v -S -O binary <exe.elf> <exe.bin>

raviv@ tregoelnxl:~/linker_lectfexample3_2

it Miew Terminal Tabs Help

File E
[ravivBtregolnx]l example3_2]% make
arm-elf-gcc -c start.s -o start.o

arm-elf-gcec -c¢ -mlong-calls hello.c -o hello.o
arm-elf-gce start.o hello.o -nostartfiles -Wl,-Map -Wl,hello.map -W1l,-T -Wl,linkcmd.ld -o hello

arm-elf-objcopy --gap-fill Oxff -v -5 -0 binary hellc hello.bin
copy from hello(elf32-littlearm) to hello.bin(binary)
ravividtregolnxl example3_2]% du -h hello.bin

1.1G hello.bin
[ravivBtregolnx]l example3_2]1§ I

30
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VMA & LMA

« Every loadable or allocatable output section has two addresses.

- VMA, or virtual memory address. This is the address the section will
have when the output file is run.

- LMA, or load memory address. This is the address at which the
section will be loaded.

« In most cases the two addresses will be the same.

 Provide the linker the LMA using the AT keyword.

www.trego.co.il 31
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Image packing

g

it Wiew Search Tools Documents Help

¢ = (. B | & | 9 e | E O D | ®4

File Ed

BN

______________ Jfhomejraviv/linker_lectyexample4 1/linkcmd.ld - gedit

Mew Open Save Print Undao Redo Cut Copy Paste Find Replace
linkemd.ld |
SECTIONS
1
.boot : |ATCOx0)|
1
start.o(.text .stub .text.* .gnu.linkonce.t.*)
start.o( . rodata .rodata.* .gnu.linkonce.r.*)
start.o(.data .data.* .gnu.linkonce.d.*)
start.o( .bss .bss.* .gnu.linkonce.b.*)

¥ > startup

.text_dram s AT LOADADDEC . boot )y + SIZEOFC . boot ) )
1
hello.o(.text .stub .text.* .gnu.linkonce.t.¥*)
¥ tenu.warning sections are handled specially by elf32.em. ®

hello.o( . .gnu.warning)
hello.o(.glue_7t) *({.glue_7)
T > d_dram

.text_eram s (ATC(LOADADDRC . text_dram) + SIZEOF(.text_dram))
1

*(.text .stub .text.* .gnu.linkonce.t.*)

¥ tenu.warning sections are handled specially by 1f32.em. bl 4

*( .gnu.warning)

*(.glue_7t) *((.glue_7)

T » di_eram

www.trego.co.il
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Image packing

File Edit Wiew Search Tools Documents Help

@ &= (. &\ | & | €@ e | B B B 38

N ew Open Save Print Undo Redo Cut Copy Paste Find

AR

" hello.map Kl

Shome/raviv/linker_lectfexample4_1/hello.map - gedit

24

Replace

U i aua o LA N WL L L W W L W . N N A N S S S
Linker script and memorvy map

LOAD start.o
LOAD hello.o

.boot 000000000 Oxc load address 0x00000000
start.o .text .stub .text.* .gnu.linkonce.t.*)
-text 0x00000000 Oxc start.o
O0x00000000 _start
start.o( ..rodata .rodata.®* .gnu.linkonce.r.*)
start.o(.data .data.®* .gnu.linkonce.d.*)
start.o(.bss .bss.* _.gnu.linkonce.b.*)
[[text_diram 0x00002000 0x40 load address 0x0000000¢ |
hello.o{.text .stub .text.* .gnu.linkonce.t.¥*)
-.text O0x00002000 0x40 hello.o
0Ox00002000 main

hello.o(.gnu.warning)
hello.o{.glue_7t)
*{.glue_7)

.text_eram 0x40000000 0x7944 load address 0x0000004c
*{.text .stub .text.® .gnu.linkonce.t.*)
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ravivi tregolnxl:~/linker_lectfexampled_ 1

File Edit Wiew Terminal Tabs Help Maxim

[ravivBtregolnx]l exampled 1]1% du -h hello.bin
BEK hello.bin
[ravivitregolnxl exampled 11% .
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Image packing

A copy routine must be executed to copy LMA to VMA before the
relevant parts are executed (Usually part of the start.s code that also
clears bss sections)
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Overlays

« Sections which are to be loaded as part of a single memory image but
are to be run at the same memory address.

« At run time, some sort of overlay manager will copy the overlaid
sections in and out of the runtime memory address as required
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fhomefraviv/linker_lect/fexample5_1/linkcmd.ld - gedit

Eile Edit Wiew Search Tools Documents Help

¢ & . B & | 9 e @ 2 D D | B %

Open Save Print Undo Redo Cut Copy Paste Find Replace

LRREN

| linkemd.ld = |

SECTIONS
1

.boot : AT(0x0)

start.o(.text .stub .text.*® .gnu.linkonce.t.*)
start.o(.rodata .rodata.* .gnhnu.linkonce.r.*)
start.o(.data .data.* .gnu.linkonce.d.¥*)
start.o(.bss .bss.* .gnu.linkonce.b.¥*)

} > startup

OVERLAY : NOCROSSREFS AT(LOADADDR( .boot) + SIZEOF(.boot))
1{
.textl_iram
{
hello.o(.text .stub .text.®* .gnu.linkonce.t.*)
/¥ .gnu.warning sections are handled specially by elf32.em. it

hello.o( .gnu.warning)
hello.o(.glue_7t) *(.glue_7)

¥

.text2_iram

{

another_hello.o(.text .stub .text.®* .gnu.linkonce.t.*)

/¥ .gnu.warning sections are handled specially by elf32.em. st

another_hello.o( .gnu.warning)
another_hello.o(.glue_7t) *{.glue_7)
¥

} > di_dram

.text_eram : AT(LOADADDR( . textl_dram) + SIZEOF(.textl_iram) + SIZEOF(.text2_iram))
r




T
| RELSO
Embedded Real-Time Solutions

Overlays

hello.map =

e - e e e

LOAD start.o
LOAD hello.o
LOAD another_hello.o

.boot 0x00000000 Oxc load address 0x00000000
start.o(.text .stub .text.* .gnu.linkonce.t.*)
.text 0x00000000 Oxc start.o

0x00000000 _start

start.ol .rodata .rodata.* .gnu.linkonce.r.¥®)
start.o(.data .data.* .gnu.linkonce.d.*)
start.o(.bss .bss.* .gnu.linkonce.b.¥*)

Ltextl_iram 0x00002000 0x40 load address O0x0000000c

hello.o(.text .stub .text.* .gnu.linkonce.t.¥)
.text O0x00002000 0x40 hello.o
O0x00002000 main

hello.o( .gnu.warning)
hello.o(.glue_7t)
*{.glue_7)

0x0000000c __load_start_textl_iram = LOADADDR (.textl_iram)

0x0000004c __load_stop_textl_iram = (LOADADDR (.textl_diram) + SIZEOF (.textl_diram))
.text2_diram O0x00002000 0x28 load address O0x0000004c
another_hello.o(.text .stub .text.* .gnu.linkonce.t.¥*)
.text O0x00002000 0x28 another_hello.o

0x00002000 another_hello

another_hello.o(.gnu.warning)
another_hello.o(.glue_7t)
*(.glue_7)

0x0000004c __load_start_textZ2_iram = LOADADDR (.text2_dram)
O0x00000074 __load_stop_text2_iram = (LOADADDR (.text2_iram) + SIZEOF (.text2_iram))
.text_eram 0x40000000 0x7944 load address 0x00000074

*(.text .stub .text.* .gnu.linkonce.t.*)
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