
Code control using the GNU linker
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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 ld) is the GNU project's implementation of 
the Unix command ld.

● Part of the GNU Binary utilities (binutils).

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

● <Arch>-elf-ld

– control the positioning and attributes of object code
– control details using a linker-script (.ld file)
– numerous interacting options (flexibility)
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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 7

A Bootable Image 

Typical structure

● 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
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A Bootable Image

● Initialized variables
● Initial values – must be loaded at boot.

● Uninitialized variables
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A Bootable Image
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GNU linker defaults

● The GNU Linker (ld) 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-ld --verbose

   



 www.trego.co.il 11

GNU linker defaults

●
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GNU linker defaults
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GNU linker defaults
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GNU linker defaults
● Simple program outputs:
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GNU linker defaults
● Simple program outputs:
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GNU linker defaults
● Simple program outputs:
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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
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Creating a standalone image

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

– LDFLAGS += -nostartfiles
● Provide your custom linker command file (.ld)

– 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)
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Creating a standalone image
● Step 1 - Link without default (tool-chain) start files:

●
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Creating a standalone image
●
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Creating a standalone image
● Step 2 - Setup the code entry point

●
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Creating a standalone image
● Step 3 - Provide the linker with the machine memory segments

●
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Creating a standalone image

●
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Creating a standalone image
● Step 4 - Provide your custom start file

●
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Creating a standalone image
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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.



 www.trego.co.il 27

Image spread to memory segments

● Step 1 - Provide the linker with the machine memory segments
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Image spread to memory segments
● Step 2 - Create the sections residing in different physical memories

●
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Image spread to memory segments

●
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Image packing 
● Packing the image in binary format (for flash programing)

– <arch>-elf-objcopy --gap-fill 0xFF -v -S -O binary <exe.elf> <exe.bin> 

–



 www.trego.co.il 31

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.
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●     

 

Image packing 
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Image packing  



 www.trego.co.il 34

Image packing  
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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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Overlays 
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Overlays 


