
1

.

Ref.:

Template : 83230347-DOC-TAS-EN-005

OPEN2018 Thales Alenia Space

Patricia Lopez Cueva, Marco Panunzio

Ada-Europe – 19/06/2018 - Lisbon

19/06/2018

<reference>

Managing the Endianness of 
Software Building Blocks with 

GNAT Ada Attributes: 
a Case Study



2

.

Ref.:

Template : 83230347-DOC-TAS-EN-005

OPEN2018 Thales Alenia Space

Recap on Endianness

Context

The PUS standard

Scalar Storage Order Attribute

Application to selected case study

Conclusions

(+) We acknowledge Adrien Prieux, now with Thales 

Services, for his essential contribution to this investigation

Outline

19/06/2018

<reference>



3

.

Ref.:

Template : 83230347-DOC-TAS-EN-005

OPEN2018 Thales Alenia Space

19/06/2018

<reference>

Endianness

Big endian

Big-endian format requires storage with the most significant byte first. Namely, that the most significant bit is stored at 

the lowest memory address then the following bytes are stored in decreasing order of significance. 

Little endian

Little-endian format reverses the order of the sequence and stores the least significant byte at the first location in 

memory and the most significant byte is stored last.

Example :  one hundred twenty-three BIG ENDIAN

LITTLE ENDIAN

123

321
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Endianness

Endian independent layout

The memory mapping corresponding to the physical representation above is: 

The equivalent Ada record representation clause :
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Why is this relevant to space software?

Current US or EU spacecrafts mostly use Big-Endian Processor 

Architectures

SPARC (mostly in Europe, some cases in US)

ERC32, LEON2, LEON3, LEON4

PowerPC (US, Europe in some cases)

PPC 750, PPC 8548, etc..

New ARM-based hardware targets (Little Endian) will start to be 

used in the next future

ARM R5 (Project developments already ongoing)

ARM R52 (H2020 DAHLIA)

ARM A9 (CNES Hyperion / ESA OPSAT)

ARM A53 (new NASA on-board computer)

Porting consolidated building blocks with 10+ years of heritage 

across architectures requires to address the problem of endiannes 

in a satisfactorily manner
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Example of next ARM hardware target
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Goals and case study

Facilitate retargeting from current big-endian hardware to another platform with little-endian hardware

Maintain a unique version of OBSW code which works on both architectures

Produce an endian-agnostic application and solve interoperability with ground software

Remain compatible with Ada 2005 and with both GNAT compiler for ARM and SPARC architectures

Come up with a solution should be affordable and easy to implement

Selected case study: application to a subset of the TAS PUS library

Overall 30000 Ada SLOCs
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PUS

“Telemetry and Telecommand Packet Utilisation” 

ECSS-E-ST-70-41C

The European standard to describe the contents 

and format of spacecaft Telecommands (TC) and 

Telemetry (TM)

Description of common services to operate 

the spacecraft

Mostly focuses on the data format of the 

exchange

With some data exchanges protocol 

aspects 
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PUS – Datafield examples
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Big Endian vs. Little Endian

Read-Value 0x78563412

Read-Value 0x12345678

PROCESSING

SPARC Processor

BIG ENDIAN

PROCESSING

ARM Processor

LITTLE ENDIAN

BIG ENDIAN TC

WRONG DATA

Example :  0x12345678

VALID DATA

Big-Endian

Memory Address

32-bit integer 

1 Byte 1 Byte 1 Byte 1 Byte

0 1 2 3

12 34 56 78

Little-Endian

Memory Address

32-bit integer 12 34 56 78

1 Byte 1 Byte

0 1 2 3

1 Byte 1 Byte
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Investigation on Scalar Storage Order

Permits to specify bit / byte order of storage
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TC reception

Received data – Big Endian (Byte-stream received from low-level drivers)

Unchecked conversion to endian pragma structure

Assign to a variable
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TC to Data Structure
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On-board parameter sent as TM
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Assembler level

BIG ENDIAN LITTLE ENDIAN

X86

ARM
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“Propagation” of attribute specification
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Case study execution
PROCESSING

LEON3 board

ZedBoard
Dual ARM A9

LITTLE ENDIAN

BIG ENDIAN TC / 
TM

BIG ENDIAN

SPARC binary image

ARM binary image

PikeOS Hypervisor

PUS
Lib

Simplified 
OBSW

TM receiver

TC sender

HMI / HTML

Tested on a subset of PUS services:
1,3, 5, 17
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Conclusions

This study had the goal to investigate new techniques for managing endianness of code

By maintaining a single code baseline for both big-endian and little-endian architectures

With a solution that could be as simple and elegant as possible

We therefore focused on the attribute “Scalar Storage Order” attribute

The prototype realised during the investigation permitted to confirm the correct behavior of the 

attribute

The solution is more interesting then some others (e.g., macros or code-swap functions)

Applies to data declaration

A priori does not impact functional / business code

However a tall has to be paid

In some cases, ad-hoc intermediate data types have to be introduced in order to “force 

endianness checks”

E.g., to cope with extraction of scalar values with a given endianness

The solution works well if the overall software architecture was already layered so as to isolate most of 

the endiannes concerns in 1-2 modules of the architecture
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End of Presentation

QUESTIONS?


