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Scope of this presentation

»Migration software from little-endian architectures 
to the big-endian Power Architecture™ platforms1

»Freescale family of Power Architecture technology 
core features used as example to illustrate the 
architecture

1The Power Architecture™ and Power.org word marks and the Power and Power.org logos 
and related marks are trademarks and service marks licensed by Power.org.



Agenda

»Terminology

»When do you care about Endianess

»Power Architecture™ technology features

»Solving Endianess topics

»Conclusion



Terminology (0/4)

»Terminology used by different vendors and 
architectures can vary significantly

• Most endianess debates start from terminology 
confusion

• Most conversion issues are due to terminology 
confusion

• Most conversion concepts fail due to terminology 
confusion



Terminology (1/4)

»Words, Half Word, Bytes

• 32 bits, 16 bits, 8 bits respectively

»Floating Point

• 64 bits or 32 bits for IEEE® floating point

»Strings and Buffers

• Just a sequence of bytes

• A generic stream of bytes does not have endianess!



Terminology (2/4)

»Alignment

• Natural Alignment (well aligned)

–2n sized quantity is aligned to a 2n address boundary

• Modern Power Architecture™ cores handle most 
misalignment with moderate access penalties

• Misalignment is very bad on floating point values



Terminology (3/4)

»Bit Significance

• constant for all common architectures

• least significant bit has 20==1 significance

• most significant bit in a byte has 27==128 significance

• TOTALLY IRRELEVANT to endianess discussions

»Bit Numbering

• Varies across architectures!

• “classic” numbering starts with lsb=0. Power 
Architecture™ technology starts with the msb=0

• TOTALLY IRRELEVANT to endianess discussions
… but sometimes quite confusing



Terminology (4/4)

»Byte Numbering [of multi-byte quantities]

• VERY RELEVANT to endianess discussions

• Memory is byte addressable today

• Byte lanes on a bus of, e.g., 32 or 64 bits need to be 
numbered to match the architecture in a hardware design.
Bus design is usually not software visible!

• Power Architecture™ implementations number the Most 
Significant Byte (MSB) as zero

• Classic numbering is to start with the Least Significant 
Byte (LSB) as zero

• Think of memory as byte addressable first, of alignment 
second, and consider bus width and hardware third



Big-Endian vs. Little-Endian

» The value 0x12345678, and 
the value 0x1122 in byte 
addressable memory

» It’s not about registers of 
the CPU, it’s about memory 
access!

» Big-Endian:

• 0x00: 12 34 56 78

• 0x04: 11 22 …

» Little-Endian:

• 0x00: 78 56 34 12

• 0x04: 22 11 …



Big-Endian vs. Little-Endian

»It’s not a fight, it’s a difference

»Bytes do not have endianess!

»Only multi-byte quantities can have endianess!

»Endianess is only relevant when reading or writing 
memory



Big-Endian vs. Little-Endian

»Q: “Which is better?”

»A: “What is more advantageous for YOU in YOUR 
system?”

• Communication protocols tend to be big-endian
(Network Byte Order)

• Reading memory dumps is easier in big-endian

• If you are just a fan of the Power Architecture™
technology ecosystem, you have an answer, too.



When to Care About Endianess?

»Legacy Data Structures can’t be changed

• You have few structures, but they have, e.g., HW 
dependency mapping to an ASIC or specific interface

»Software expects little-endian data layouts

• Huge amount of Software is hard coded

»Public data structures are little-endian

• A combination of the previous two



Endianess Conversion



Endianess Conversion

1. Use Byte Reversal (and don’t mess with bits)

2. Byte reversal depends on data size

3. You must know the semantics or you can’t 
convert any data!

4. Don’t confuse arbitrary byte streams with data to 
convert!



Simple Conversion Concepts

»Few well known little-endian data structures

• Use dedicated access functions/macros

»Huge amount of hard coded little-endian data

• Run a partial or full little-endian environment

»Uncontrolled dynamic little-endian data generation

• Typical for interpreted code

• Implement a sandbox



Features to Support
Little-Endian Data



Features for Little-Endian Data

»Assuming a big-endian base environment

• All “common” operating systems for Power Architecture™ 
cores run in big-endian

»The next few slides discuss the following topics

• Handling Integer Data

• Handling Floating Point Numbers

• Handling Instructions



Handling Integer Data

»To directly access little-endian integer quantities, 
the architecture has specific instructions:

• lhbrx, sthbrx, lwbrx, stwbrx

»This is preferred for well known and typically few 
little-endian structures where access functions can 
be used

»Instructions are hidden in inline access macros or 
functions to keep code readability.



Handling FP Numbers

»There is no universal standard what little-endian or 
big-endian means with respect to Floating Point

»Software Floating-Point implementations can have 
hardware incompatible formats

»It is a performance hit if you have to manually 
swap floating-point numbers



Handling Instructions

»Self-Modifying code is not discussed here. It is bad.

»Instructions match the environment they are run in

»In mixed environments, some code might have to 
be loaded little-endian

• Code is fixed size 32-bits for the Power Architecture™ 
technology implementations, so it’s a piece of cake to load 
it correctly for any defined environment



e300 core Specific Notes

» Derived from “classic PowerPC™ architecture” as a Power 
Architecture™ technology implementation

» Floating point numbers can only be swapped with temporary 
storage help. No swaps in registers are possible

» FP Alignment should be at least to word boundaries

» Little-Endian or Big-Endian memory access mode can be 
switched!

• Switch is global for both instructions and data!

• Switch can be done efficiently on context switch changes, 
crossing a user and supervisor mode boundary!



e500 core Specific Notes

» Derived from “Book E PowerPC™ architecture” as Power 
Architecture™ technology implementation

» Floating-Point Numbers can be swapped within registers

• No data access time penalty

» FP Alignment should be at least to word boundaries

» Little-Endian or Big-Endian memory access mode can be 
switched!

• Switch is defined via MMU for instructions or data!

• Switch can be done on a per page basis

• Switch can be done efficiently on context switch changes, 
crossing a user and supervisor mode boundary!



Features to Avoid

»Stay away from the so-called “Load/Store Multiple” 
instructions

• Their semantics seriously limit the usefulness in endianess 
conversion and add complexity

»Don’t use the “Load/Store String” instructions

• Very complex semantics and only really applicable in big-
endian chip configurations

»Compilers don’t generate these instructions if asked 
to do the right thing



Solving Endianess Topics



Solving Endianess Topics

»We will discuss
• PCI and/or ASIC connections

• The “All-or-Nothing” approach

• Working with transient unknown data

• Converting well-known APIs

• Working in a Sandbox

• Convert data once or every time?

• Compiler topics



PCI and/or ASIC Connections

» PCI/PCI Express® or similar interfaces are defined as little-
endian. ASICs can have similar needs, but PCI or PCI Express 
is a good example

» Typical bridges have at least the ability to swap on a bus 
width element level

» This might not be what you want as it is not data semantics 
and transfer size dependent

» Sometimes it is smarter to chose a stream transparent 
configuration and leave the conversion of other accesses to 
the software

» Smart bridge implementations support optional data or 
address invariance, allowing more flexibility to help swapping 
automatically when the interface is accessed.

» There is no universal perfect solution.

• “Some assembly required.”



The “All-or-Nothing” Approach

»You could run a device, based on Power 
Architecture™ technology, completely in little-
endian mode

• You tend to lose support from OS vendors then

• Reinventing the wheel on OS support is possible but not 
practical

• Older cores do not support true little-endian mode

• Don’t do research when you should do product 
development



Transient Unknown Data

»Pushing through data buffers is transparent

»No need to swap any data



Converting Well-Known APIs

»Define Conversion boundaries within the API that 
specifies little-endian data. Swap only there and 
leave the rest “as-is”.



Working in a Sandbox

»Extension to the API conversion process

»You use the user/supervisor mode switch to 
establish a little-endian “sandbox” via the chip 
configuration (MMU or global)

»Within the sandbox, everything runs little-endian

»When leaving the sandbox through an OS call or 
interrupt/exception you cross an API conversion 
boundary



Sandbox: load/store

»The supervisor can use byte reversed instructions 
to access sandbox memory directly 
� API conversion simplification

»These instructions are not compiler generated 
� Specialized access macros/functions are needed



Sandbox: Dynamic Switching

»For well understood code, the OS could be modified 
at the supervisor/user boundary to automagically 
establish the little-endian context for a specific 
sandbox

»For an e300 style implementation, both data and 
instruction access is affected

»For an e500 style implementation, a choice can be 
made via the MMU

»Full Sandbox little-endian (e300 like) is probably 
preferable because it provides clearly defined 
boundaries with no margin for misunderstandings



Convert Once or Every Time?

»APIs usually convert as required on every 
invocation

»Conversion can mean many things

• Accessing memory byte reversed

• Modifying structures in memory

• Copying structures into a different format and 
representation

»Decision depends on performance criteria

• Frequency of invocation

• Amount of data processed

• Complexity of data structures



Compiler Topics

»To recognize and support endianess conversions, 
the following topics should be considered

• Loads and Stores

• Alignments

• Unions

• C/C++ Bit Fields



Compiler: Loads and Stores

»Compilers normally generate standard load/store 
instructions only

»To get byte reversed load store instructions, you 
have a few options

• Inline assembler macros or functions

• Separate assembler conversion functions

• Compiler backend tweaks

»Compiler tweaks are possible but maybe not the 
best idea



Compiler: Alignments

» Alignment is not really an endianess topic but required for 
effective conversions

» Alignment requirements might be different between 
architectures

» Data format conversion can require alignment conversion, 
adding complexity

» Review alignment needs and structure packing used by the 
software 

» Ensure that misalignments are avoided as best as possible in 
the conversion process 



Compiler: Unions

»Common bad practice is to use C unions to convert 
between value representations on the fly

union X {
unsigned long v1; // 32 bit value

unsigned char v2[4]; // individual bytes

}

»Do the following
• Understand if unions are used like that in the code

• Isolate all such code into a black box module

»C language “casts” have the same issue but might 
be harder to locate



Compiler: C/C++ Bit Fields

»Bit fields can be a real issue

• Different architectures and ABIs can describe different bit 
field ordering and packing approaches

• The C or C++ standards leave this really up to the 
compiler implementation

»Do the following

• Check if bit fields are used by the code

• Compare not only the architecture descriptions but also 
the compiler configurations used!



Summary

»The Power Architecture™ technology platform 
supports various methods to handle little-endian 
data

»Terminology, and well defined scope of the 
conversion are key criteria for success!

»Also consider a true “Sandbox” approach

»“Don’t panic!”




