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Introduction

S�F�L�H�Q�W�L�À�F���G�D�W�D���F�R�O�O�H�F�W�H�G���Z�L�W�K���P�R�G�H�U�Q���V�H�Q�V�R�U�V���R�U���G�H�G�L�F�D�W�H�G���G�H�W�H�F�W�R�U�V���H�[�F�H�H�G���Y�H�U�\���R�I�W�H�Q���W�K�H���S�H�U�L�P�H�W�H�U���R�I ���W�K�H���L�Q�L�W�L�D�O��
�V�F�L�H�Q�W�L�À�F���G�H�V�L�J�Q�����7�K�H�V�H���G�D�W�D���D�U�H���R�E�W�D�L�Q�H�G���P�R�U�H���D�Q�G���P�R�U�H���I�U�H�T�X�H�Q�W�O�\���Z�L�W�K���O�D�U�J�H���P�D�W�H�U�L�D�O���D�Q�G���K�X�P�D�Q���H�I�I�R�U�W�V�����$���O�D�U�J�H��
�F�O�D�V�V���R�I ���V�F�L�H�Q�W�L�À�F���H�[�S�H�U�L�P�H�Q�W�V���D�U�H���L�Q���I�D�F�W���X�Q�L�T�X�H���E�H�F�D�X�V�H���R�I ���W�K�H�L�U���O�D�U�J�H���V�F�D�O�H�����Z�L�W�K���Y�H�U�\���V�P�D�O�O���F�K�D�Q�F�H�V���W�R���E�H���U�H�S�H�D�W�H�G���D�Q�G��
�W�R���V�X�S�H�U�V�H�G�H�G���E�\���Q�H�Z���H�[�S�H�U�L�P�H�Q�W�V���L�Q���W�K�H���V�D�P�H���G�R�P�D�L�Q�����I�R�U���L�Q�V�W�D�Q�F�H���K�L�J�K���H�Q�H�U�J�\���S�K�\�V�L�F�V���D�Q�G���D�V�W�U�R�S�K�\�V�L�F�V���H�[�S�H�U�L�P�H�Q�W�V��
�L�Q�Y�R�O�Y�H���P�X�O�W�L���D�Q�Q�X�D�O���G�H�Y�H�O�R�S�P�H�Q�W�V���D�Q�G���D���V�L�P�S�O�H���G�X�S�O�L�F�D�W�L�R�Q���R�I ���H�I�I�R�U�W�V���L�Q���R�U�G�H�U���W�R���U�H�S�U�R�G�X�F�H���R�O�G���G�D�W�D���L�V���V�L�P�S�O�\���Q�R�W��
�D�I�I�R�U�G�D�E�O�H�����2�W�K�H�U���V�F�L�H�Q�W�L�À�F���H�[�S�H�U�L�P�H�Q�W�V���D�U�H���L�Q���I�D�F�W���X�Q�L�T�X�H���E�\���Q�D�W�X�U�H�����H�D�U�W�K���V�F�L�H�Q�F�H�����P�H�G�L�F�D�O���V�F�L�H�Q�F�H�V���H�W�F�����V�L�Q�F�H���W�K�H��
�F�R�O�O�H�F�W�H�G�� �G�D�W�D�� �L�V�� �´�W�L�P�H���V�W�D�P�S�H�G�µ�� �D�Q�G�� �W�K�H�U�H�E�\�� �Q�R�Q���U�H�S�U�R�G�X�F�L�E�O�H�� �E�\�� �Q�H�Z�� �H�[�S�H�U�L�P�H�Q�W�V�� �R�U�� �R�E�V�H�U�Y�D�W�L�R�Q�V���� �,�Q�� �D�G�G�L�W�L�R�Q����
�V�F�L�H�Q�W�L�À�F���G�D�W�D���F�R�O�O�H�F�W�L�R�Q���L�Q�F�U�H�D�V�H�G���G�U�D�P�D�W�L�F�D�O�O�\���L�Q���W�K�H���U�H�F�H�Q�W���\�H�D�U�V�����S�D�U�W�L�F�L�S�D�W�L�Q�J���W�R���W�K�H���V�R���F�D�O�O�H�G���´�G�D�W�D���G�H�O�X�J�H�µ���D�Q�G��
�L�Q�Y�L�W�L�Q�J���I�R�U���F�R�P�P�R�Q���U�H�Á�H�F�W�L�R�Q���L�Q���W�K�H���F�R�Q�W�H�[�W���R�I ���´�E�L�J���G�D�W�D�µ���L�Q�Y�H�V�W�L�J�D�W�L�R�Q�V��

T�K�H���Q�H�Z���N�Q�R�Z�O�H�G�J�H���R�E�W�D�L�Q�H�G���X�V�L�Q�J���W�K�H�V�H���G�D�W�D���V�K�R�X�O�G���E�H���S�U�H�V�H�U�Y�H�G���O�R�Q�J���W�H�U�P���V�X�F�K���W�K�D�W���W�K�H���D�F�F�H�V�V���D�Q�G���W�K�H���U�H���X�V�H��
�D�U�H���P�D�G�H���S�R�V�V�L�E�O�H���D�Q�G���O�H�D�G���W�R���D�Q���H�Q�K�D�Q�F�H�P�H�Q�W���R�I ���W�K�H���L�Q�L�W�L�D�O���L�Q�Y�H�V�W�P�H�Q�W�������'�D�W�D���R�E�V�H�U�Y�D�W�R�U�L�H�V�����E�D�V�H�G���R�Q���R�S�H�Q���D�F�F�H�V�V��
�S�R�O�L�F�L�H�V���D�Q�G���F�R�X�S�O�H�G���Z�L�W�K���P�X�O�W�L���G�L�V�F�L�S�O�L�Q�D�U�\���W�H�F�K�Q�L�T�X�H�V���I�R�U���L�Q�G�H�[�L�Q�J���D�Q�G���P�L�Q�L�Q�J���P�D�\���O�H�D�G���W�R���W�U�X�O�\���Q�H�Z���S�D�U�D�G�L�J�P�V���L�Q��
�V�F�L�H�Q�F�H�����,�W���L�V���W�K�H�U�H�I�R�U�H���R�I ���R�X�W�P�R�V�W���L�P�S�R�U�W�D�Q�F�H���W�R���S�X�U�V�X�H���D���F�R�K�H�U�H�Q�W���D�Q�G���Y�L�J�R�U�R�X�V���D�S�S�U�R�D�F�K���W�R���S�U�H�V�H�U�Y�H���W�K�H���V�F�L�H�Q�W�L�À�F��
�G�D�W�D���D�W���O�R�Q�J���W�H�U�P�����7�K�H���S�U�H�V�H�U�Y�D�W�L�R�Q���U�H�P�D�L�Q�V���Q�H�Y�H�U�W�K�H�O�H�V�V���D���F�K�D�O�O�H�Q�J�H���G�X�H���W�R���W�K�H���F�R�P�S�O�H�[�L�W�\���R�I ���W�K�H���G�D�W�D���V�W�U�X�F�W�X�U�H����
�W�K�H���I�U�D�J�L�O�L�W�\���R�I ���W�K�H���F�X�V�W�R�P���P�D�G�H���V�R�I�W�Z�D�U�H���H�Q�Y�L�U�R�Q�P�H�Q�W�V���D�V���Z�H�O�O���D�V���W�K�H���O�D�F�N���R�I ���U�L�J�R�U�R�X�V���D�S�S�U�R�D�F�K�H�V���L�Q���Z�R�U�N�Á�R�Z�V���D�Q�G��
�D�O�J�R�U�L�W�K�P�V����

T�R�� �D�G�G�U�H�V�V�� �W�K�L�V�� �F�K�D�O�O�H�Q�J�H���� �W�K�H���3�5�(�'�2�1�� �S�U�R�M�H�F�W���K�D�V�� �E�H�H�Q���L�Q�L�W�L�D�W�H�G���L�Q�� �)�U�D�Q�F�H�� �L�Q�� ���������� �Z�L�W�K�L�Q���W�K�H���0�$�6�7�2�'�2�1�6��
�S�U�R�J�U�D�P���� �D�� �%�L�J�� �'�D�W�D�� �V�F�L�H�Q�W�L�À�F�� �F�K�D�O�O�H�Q�J�H���� �L�Q�L�W�L�D�W�H�G���D�Q�G�� �V�X�S�S�R�U�W�H�G���E�\�� �W�K�H�� �,�Q�W�H�U�G�L�V�F�L�S�O�L�Q�D�U�\�� �0�L�V�V�L�R�Q�� �R�I �� �W�K�H�� �1�D�W�L�R�Q�D�O��
�&�H�Q�W�U�H���I�R�U���6�F�L�H�Q�W�L�À�F���5�H�V�H�D�U�F�K�����&�1�5�6�������3�5�(�'�2�1���L�V���D���V�W�X�G�\���J�U�R�X�S�����I�R�U�P�H�G���E�\���U�H�V�H�D�U�F�K�H�U�V���I�U�R�P���G�L�I�I�H�U�H�Q�W���G�L�V�F�L�S�O�L�Q�H�V��
�D�Q�G���L�Q�V�W�L�W�X�W�H�V�����6�H�Y�H�U�D�O���P�H�H�W�L�Q�J�V���D�Q�G���Z�R�U�N�V�K�R�S�V���O�H�D�G���W�R���D���U�L�F�K���H�[�F�K�D�Q�J�H���L�Q���L�G�H�D�V�����S�D�U�D�G�L�J�P�V���D�Q�G���P�H�W�K�R�G�V����

T�K�H���S�U�H�V�H�Q�W���G�R�F�X�P�H�Q�W���L�Q�F�O�X�G�H�V���F�R�Q�W�U�L�E�X�W�L�R�Q�V���R�I ���W�K�H���S�D�U�W�L�F�L�S�D�Q�W�V���W�R���W�K�H���3�5�(�'�2�1���6�W�X�G�\���*�U�R�X�S�����D�V���Z�H�O�O���D�V���L�Q�Y�L�W�H�G��
�S�D�S�H�U�V�����U�H�O�D�W�H�G���W�R���W�K�H���V�F�L�H�Q�W�L�À�F���F�D�V�H�����P�H�W�K�R�G�R�O�R�J�\���D�Q�G���W�H�F�K�Q�R�O�R�J�\�������7�K�L�V���G�R�F�X�P�H�Q�W���V�K�R�X�O�G���E�H���U�H�D�G���D�V���D���´�I�D�F�W�V���À�Q�G�L�Q�J�µ��
�U�H�V�R�X�U�F�H���S�R�L�Q�W�L�Q�J���W�R���D���F�R�Q�F�U�H�W�H���D�Q�G���V�L�J�Q�L�À�F�D�Q�W���V�F�L�H�Q�W�L�À�F���L�Q�W�H�U�H�V�W���I�R�U���O�R�Q�J���W�H�U�P���U�H�V�H�D�U�F�K���G�D�W�D���S�U�H�V�H�U�Y�D�W�L�R�Q�����D�V���Z�H�O�O���D�V��
�W�R���F�X�W�W�L�Q�J���H�G�J�H���P�H�W�K�R�G�V���D�Q�G���W�H�F�K�Q�R�O�R�J�L�H�V���W�R���D�F�K�L�H�Y�H���W�K�L�V���J�R�D�O�������$���V�X�V�W�D�L�Q�H�G�����F�R�K�H�U�H�Q�W���D�Q�G���O�R�Q�J���W�H�U�P���D�F�W�L�R�Q���L�Q���W�K�H���D�U�H�D��
�R�I ���V�F�L�H�Q�W�L�À�F���G�D�W�D���S�U�H�V�H�U�Y�D�W�L�R�Q���Z�R�X�O�G���E�H���K�L�J�K�O�\���E�H�Q�H�À�F�L�D�O��������

�����������K�W�W�S�������S�U�H�G�R�Q���R�U�J��
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Scienti�c case
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The quest for matter intimate structure have required increasingly powerful experimental devices, stimulated by 
the experimental discoveries and technological advances. In most cases the next generation collider operates at a 
higher energy frontier or intensity than the previous one. With the increasing costs and complexity of the experimental 
installation, the produced data became unique and non-reproducible. In turn, the re-use of old data may lead to original 
results when new paradigms and hypothesis can be cross-checked against the previous experimental conditions.  The 
data preservation in high energy physics appears to be a complicated though necessary task and an international 
effort is being developed since a several years.

Size and circumstances

A�W�� �W�K�H�� �H�Q�G�� �R�I �� �W�K�H��fi�U�V�W�� �G�H�F�D�G�H�� �R�I �� �W�K�H�� �����V�W�� �F�H�Q�W�X�U�\���� �W�K�H��
�I�R�F�X�V�� �L�Q�� �K�L�J�K�� �H�Q�H�U�J�\�� �S�K�\�V�L�F�V�� ���+�(�3���� �U�H�V�H�D�U�F�K�� �L�V��fi�U�P�O�\��
�R�Q�� �W�K�H�� �/�D�U�J�H�� �&�R�O�O�L�G�H�U�� ���/�+�&���� �D�W�� �&�(�5�1���� �Z�K�L�F�K�� �R�S�H�U�D�W�H�V��
�P�D�L�Q�O�\���D�V���D���S�U�R�W�R�Q���S�U�R�W�R�Q�����S�S�����F�R�O�O�L�G�H�U�����D�Q�G���F�X�U�U�H�Q�W�O�\���D�W��
�D���F�H�Q�W�U�H�²�R�I�²�P�D�V�V���H�Q�H�U�J�\�� �R�I �� �X�S���W�R�������� �7�H�9���� �$�W���W�K�H���V�D�P�H��
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Figure 1. Data collected by a sample of HEP experiments in the last decades.
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Figure 2. One of the results of the PARSE-Insight survey of particle 
physicists on the subject of data preservation. The opinions of theorists and 
experimentalists are displayed separately.
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Figure 3. Illustrative luminosity pro�le (left), funding (centre) and person-power (right) resources available to a high-energy physics experiment.
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Figure 4. Scheme of the software validation system studied at DESY for 
HERA experiments (from [3]).
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�W�K�D�W�� �Q�H�Z�� �D�V�S�H�F�W�V�� �U�H�Y�H�D�O�H�G�� �E�\�� �G�L�I�I�H�U�H�Q�W�� �F�R�P�S�X�W�L�Q�J��
�S�K�L�O�R�V�R�S�K�L�H�V���L�Q���J�H�Q�H�U�D�O���G�R���L�P�S�U�R�Y�H���W�K�H���R�Y�H�U�D�O�O���F�R�K�H�U�H�Q�F�H��
�D�Q�G�� �F�R�P�S�O�H�W�H�Q�H�V�V�� �R�I �� �W�K�H�� �G�D�W�D�� �S�U�H�V�H�U�Y�D�W�L�R�Q�� �P�R�G�H�O�V����
�7�K�H�U�H�I�R�U�H���W�K�H���H�[�S�D�Q�V�L�R�Q���R�I ���W�K�H���'�3�+�(�3���R�U�J�D�Q�L�V�D�W�L�R�Q���W�R��

�L�Q�F�O�X�G�H���P�R�U�H���H�[�S�H�U�L�P�H�Q�W�V���L�V���R�Q�H���R�I ���W�K�H���J�R�D�O�V���R�I ���W�K�H���Q�H�[�W��
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�Q�H�Z���,�7���S�D�U�D�G�L�J�P�V�����Z�H�E�����I�D�U�P�V�����J�U�L�G�������,�Q���W�K�H���F�R�Q�W�H�[�W���R�I ���D�Q��
�H�[�S�O�R�V�L�R�Q���R�I ���V�F�L�H�Q�W�L�À�F���G�D�W�D���D�Q�G���R�I ���W�K�H���U�H�F�H�Q�W���R�U���L�P�P�L�Q�H�Q�W��
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�&�R�R�S�H�U�D�W�L�R�Q���L�Q���G�D�W�D���P�D�Q�D�J�H�P�H�Q�W�����D�F�F�H�V�V�����P�L�Q�L�Q�J�����D�Q�D�O�\�V�L�V��
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VirtUaL OBservatory in Astrophysics 

Christian Surace

In astrophysics, data preservation is really important, mainly because objects are far far away and that an observational 
project (satellite, telescopes) is very expensive, time consuming and very dif�cult to redo when it is over. Nevertheless 
Many projects have been undertaken and more and more data are available to the scienti�c community. The International 
Virtual Observatory Alliance (IVOA), formed in 2002, gather efforts on data standardisation and dissemination in 
Astrophysics. Endorsed by the International Astronomical Union (IAU), the Virtual Observatory consists on  describing  
all validated astrophysical data, the format of them, the way to disseminate these data, protocols and softwares. This 
new way of data analysis is rather in advance in the interoperability of tools. In a context of cooperation between 
countries, the Virtual Observatory shows a good example of the new era of astrophysical analysis in massive and 
distributed data exchange.

Introduction

A�V�W�U�R�S�K�\�V�L�F�V�� �Z�D�V�� �R�Q�H�� �R�I �� �W�K�H�� �À�U�V�W�� �V�F�L�H�Q�F�H�� �J�D�W�K�H�U�L�Q�J��
�L�Q�I�R�U�P�D�W�L�R�Q�� �W�R�� �F�U�H�D�W�H�� �F�D�W�D�O�R�J�V�� �D�Q�G�� �D�W�O�D�V�H�V���� �)�U�R�P�� �W�K�H��
�À�U�V�W�� �V�W�H�S�V�� �R�I �� �G�U�D�Z�L�Q�J�V�� �D�Q�G�� �P�H�D�V�X�U�L�Q�J���� �$�V�W�U�R�S�K�\�V�L�F�V��
�E�U�R�X�J�K�W�� �W�R�� �O�L�J�K�W�� �W�K�H�� �H�[�L�V�W�H�Q�F�H�� �R�I �� �Q�H�Z�� �I�D�U���D�Z�D�\�� �R�E�M�H�F�W�V��
�D�Q�G���S�X�V�K�H�G���E�D�F�N���W�K�H���I�U�R�Q�W�L�H�U���R�I ���N�Q�R�Z�O�H�G�J�H�����(�Y�H�U�\���S�L�H�F�H��
�R�I �� �L�Q�I�R�U�P�D�W�L�R�Q�� �Z�D�V�� �Z�U�L�W�W�H�Q�� �G�R�Z�Q�� �D�Q�G�� �F�O�D�V�V�L�À�H�G���� �)�U�R�P��
�W�K�H���À�V�W�V���F�D�W�D�O�R�J�V���W�R���W�K�H���G�H�H�S�V���V�X�U�Y�H�\�V���W�K�D�W���D�U�H���X�Q�G�H�U�W�D�N�H�Q��
�W�R�G�D�\�����W�K�H���V�S�L�U�L�W���R�I ���G�D�W�D���G�L�V�V�H�P�L�Q�D�W�L�R�Q���L�V���V�W�L�O�O���S�U�H�V�H�Q�W���D�Q�G��
�L�V���W�K�H���F�U�X�F�L�D�O���F�R�U�Q�H�U���V�W�R�Q�H���R�I ���V�F�L�H�Q�W�L�À�F���F�R�O�O�D�E�R�U�D�W�L�R�Q���D�Q�G��
�D�G�Y�D�Q�F�H�V���� �0�R�U�H�R�Y�H�U���S�O�H�D�V�H�U���U�H�I�H�U���W�R���W�K�H���,�9�2�$�� �Z�H�E�� �V�L�W�H��
�I�R�U���P�R�U�H���F�R�P�S�O�H�W�H���L�Q�I�R�U�P�D�W�L�R�Q��

Virtual Observatory for  data preservation

N�R�Z�D�G�D�\�V�� �W�K�H�� �D�V�W�U�R�S�K�\�V�L�F�D�O�� �V�X�U�Y�H�\�V�� �D�U�H�� �F�R�Y�H�U�L�Q�J�� �W�K�H��
�H�Q�W�L�U�H���V�N�\�����O�H�D�G�L�Q�J���W�R���D���O�D�U�J�H���D�P�R�X�Q�W���R�I ���G�D�W�D�����)�R�U���H�[�D�P�S�O�H��
�W�K�H���9�H�U�\���/�D�U�J�H���7�H�O�H�V�F�R�S�H���E�U�L�Q�J�V���H�Y�H�U�\���\�H�D�U���������7�H�U�D�E�\�W�H�V��
�R�I �� �G�D�W�D���� �/�6�6�7������ ���� �E�L�O�O�L�R�Q�V���S�L�[�H�O�V���H�Y�H�U�\�������� �V�H�F�R�Q�G�V���� �3�D�Q��
�6�W�D�U�U�V���Z�L�O�O���S�U�R�G�X�F�H���6�H�Y�H�U�D�O���7�H�U�D�E�\�W�H�V���R�I ���G�D�W�D���S�H�U���Q�L�J�K�W�����,�Q��
�R�Q�H���\�H�D�U���W�K�H���D�V�W�U�R�S�K�\�V�L�F�D�O���L�Q�V�W�U�X�P�H�Q�W�V���Z�L�O�O���G�H�O�L�Y�H�U���W�R���W�K�H��
�F�R�P�P�X�Q�L�W�\���P�R�U�H���W�K�D�W�������������3�H�W�D���E�\�W�H�V���R�I ���G�D�W�D�����'�X�H���W�R���W�K�L�V��
�V�W�L�O�O���J�U�R�Z�L�Q�J���D�P�R�X�Q�W���R�I ���G�D�W�D�����L�W���L�V���Y�H�U�\���G�L�I�À�F�X�O�W���W�R���S�H�U�I�R�U�P��
�G�H�H�S�� �V�W�X�G�\�� �R�I �� �L�Q�G�L�Y�L�G�X�D�O�� �R�E�M�H�F�W�V���� �6�W�D�W�L�V�W�L�F�D�O�� �D�S�S�U�R�D�F�K�H�V����
�J�U�R�X�S���V�H�O�H�F�W�L�R�Q���D�Q�G���D�Q�D�O�\�V�L�V���E�H�F�D�P�H���W�K�H���Q�H�F�H�V�V�D�U�\���V�W�H�S�V��
�I�R�U�� �G�D�W�D�� �D�Q�D�O�\�V�L�V���� �+�R�Z�H�Y�H�U�� �V�R�P�H�� �T�X�H�V�W�L�R�Q�V�� �D�U�H�� �V�W�L�O�O��
�E�H�L�Q�J���G�H�E�D�W�H�G���R�Q���W�K�H���Q�D�W�X�U�H���R�I ���G�D�W�D���W�R���E�H���S�U�H�V�H�U�Y�H�G�����,�V��
�L�W���E�H�W�W�H�U�� �W�R�� �S�U�H�V�H�U�Y�H�� �À�Q�D�O�� �S�U�R�G�X�F�W�V���� �R�U�� �U�D�Z�� �G�D�W�D�� �Z�L�W�K�� �D�O�O��
�W�K�H�� �L�Q�I�U�D�V�W�U�X�F�W�X�U�H�� �D�Q�G�� �S�L�S�H�O�L�Q�H�V�� �Q�H�H�G�H�G�� �W�R�� �F�U�H�D�W�H�� �À�Q�D�O��
�G�D�W�D���"���7�K�H���T�X�H�V�W�L�R�Q���R�I ���U�H�S�H�D�W�D�E�L�O�L�W�\�����U�H�S�U�R�G�X�F�L�E�L�O�L�W�\���D�Q�G��
�U�H�O�L�D�E�L�O�L�W�\���R�I ���U�H�V�X�O�W�V���D�U�H���W�K�H���N�H�\�V���W�R���W�K�H���G�D�W�D���S�U�H�V�H�U�Y�D�W�L�R�Q��
�I�R�U���W�K�H���I�X�W�X�U�H��

I �Q���$�V�W�U�R�S�K�\�V�L�F�V�����G�D�W�D���F�D�Q���E�H���G�L�I�I�H�U�H�Q�W���R�Q�H���I�U�R�P���H�D�F�K���R�Y�H�U����
�7�K�H�\���D�U�H���À�U�V�W���G�L�I�I�H�U�H�Q�W���E�H�F�D�X�V�H���W�K�H�\���D�U�H���G�L�I�I�H�U�H�Q�W���R�U�L�J�L�Q�V����
�(�[�W�U�D�F�W�H�G���I�U�R�P���6�S�D�F�H���6�D�W�H�O�O�L�W�H�V�����V�H�H���À�J�����������J�U�R�X�Q�G���E�D�V�H�G��
�W�H�O�H�V�F�R�S�H�V�� �R�U�� �S�U�R�Y�L�G�H�G�� �X�V�L�Q�J�� �V�L�P�X�O�D�W�R�U�V�� �D�Q�G�� �V�L�P�X�O�D�W�L�R�Q��
�S�U�R�J�U�D�P�V�����V�H�H���À�J�����������7�K�H�Q�����G�D�W�D���F�D�Q���E�H���©���L�P�D�J�H�V���ª���I�U�R�P��
�W�K�H���V�N�\���W�D�N�H�Q���Z�L�W�K���V�S�H�F�L�À�F���À�O�W�H�U�V�����L�P�D��� ���I���[���\���������'�D�W�D���F�D�Q����
�E�H���©���V�S�H�F�W�U�D���ª���W�K�H���O�L�J�K�W���R�I ���Z�K�L�F�K���K�D�V���E�H�H�Q���G�L�V�S�H�U�V�H�G���E�\���D��
�V�S�H�F�L�À�F���S�U�L�V�P���R�U���J�U�L�V�P�����V�S�H�F� �I���Z�D�Y�H�O�H�Q�J�W�K���\���������'�D�W�D���F�D�Q��
�E�H�� �©�� �7�L�P�H�� �V�H�U�L�H�V�� �ª�� �R�I �� �D�Q�� �R�E�M�H�F�W���� �P�H�D�V�X�U�H�P�H�Q�W�V�� �R�I �� �W�K�H��
�Á�X�[���H�P�L�W�W�H�G���D�W���S�H�U�L�R�G�L�F���W�L�P�H���G�X�U�L�Q�J���D���O�R�Q�J�����R�E�V�H�U�Y�D�W�L�R�Q��
�U�X�Q�� ���7�L�P�H�6�H�U�L�H� �I���W�L�P�H���� �Á�X�[�������� �'�D�W�D�� �F�D�Q�� �E�H�� �F�X�E�H�V��
�R�E�V�H�U�Y�H�G�� �Z�L�W�K�� �V�S�H�F�L�À�F�� �L�Q�V�W�U�X�P�H�Q�W�V�� ���)�D�E�U�\�� �3�H�U�R�W���� �,�)�8�V����
���F�X�E�H� �I���[���\���Z�D�Y�H�O�H�Q�J�W�K���������'�D�W�D���F�D�Q���E�H���D�O�V�R���V�L�P�X�O�D�W�H�G���G�D�W�D��
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Figure 1. Herschel combined image 
(false colours) of a star forming region.

Figure 2. view from the simulation 
millennium run from Volker 
Soringel et al., Nature, 2005.
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�2�E�V�'�0�&�R�U�H���ª�������&�R�U�H���F�R�P�S�R�Q�H�Q�W�V���I�R�U���W�K�H���2�E�V�H�U�Y�D�W�L�R�Q��
�'�D�W�D�� �0�R�G�H�O���� �©�� �$�V�W�U�R�Q�R�P�L�F�D�O�� �'�D�W�D�V�H�W�� �&�K�D�U�D�F�W�H�U�L�V�D�W�L�R�Q�� �ª��
�W�K�D�W���G�H�À�Q�H�V���W�K�H���R�Y�H�U�D�O�O���F�K�D�U�D�F�W�H�U�L�V�D�W�L�R�Q���R�I ���D�Q���R�E�V�H�U�Y�D�W�L�R�Q����
�©���6�S�H�F�W�U�D�O���O�L�Q�H�V���ª�� �G�D�W�D���P�R�G�H�O������ �G�H�À�Q�H�V���H�Q�Y�L�U�R�Q�P�H�Q�W���D�Q�G��
�Q�D�W�X�U�H���R�I ���D���V�S�H�F�W�U�D�O���O�L�Q�H�������©���6�S�H�F�W�U�X�P���ª���G�D�W�D���P�R�G�H�O�������G�H�À�Q�H�V��
�D�Q�� �R�E�V�H�U�Y�D�W�L�R�Q�D�O�� �V�S�H�F�W�U�X�P���� �©�� �9�2�(�9�(�1�7�� �ª�� ���� �G�H�V�F�U�L�E�H�V��
�D�� �W�D�Q�V�L�H�Q�W�� �H�Y�H�Q�W���� �©�� �7�K�H�R�U�\�� �ª�� ���� �G�H�V�F�U�L�E�H�V�� �D�Q�G�� �D�F�F�H�V�V�� �D�Q�\��
�Q�X�P�H�U�L�F�D�O���V�L�P�X�O�D�W�L�R�Q
S�H�Y�H�U�D�O�� �\�H�D�U�V�� �K�D�Y�H�� �E�H�H�Q�� �Q�H�H�G�H�G�� �W�R�� �V�H�W�W�O�H�� �G�R�Z�Q�� �W�K�H�V�H��
�V�W�D�Q�G�D�U�G�V���E�X�W���V�R�P�H���Q�H�Z���V�W�D�Q�G�D�U�G�V���D�U�H���V�W�L�O�O���E�H�L�Q�J���G�H�À�Q�H�G��

Figure 3. Example of implementation of VO standards in a scienti�c use 
case.
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�L�Q�� �R�U�G�H�U�� �W�R�� �F�R�Y�H�U�� �D�O�O�� �Q�H�Z�� �G�D�W�D���� �'�H�À�Q�L�Q�J�� �W�K�H�� �G�D�W�D�� �Z�L�W�K��
�P�R�G�H�O�V�� �D�Q�G�� �V�W�D�Q�G�D�U�G�� �L�V�� �Q�R�W�� �V�X�I�À�F�L�H�Q�W�� �D�V�� �D�F�F�H�V�V�L�Q�J�� �W�K�H��
�G�D�W�D���L�V���D�O�V�R���R�Q�H���R�I ���W�K�H���N�H�\���R�I ���W�K�H���V�F�L�H�Q�W�L�À�F���X�V�D�J�H���R�I ���G�D�W�D����
�$�F�F�H�V�V�� �S�U�R�W�R�F�R�O�V�� �K�D�Y�H�� �W�K�H�Q�� �E�H�H�Q�� �G�H�À�Q�H�G���� �6�X�F�K�� �E�D�V�L�F��
�S�U�R�W�R�F�R�O�V���K�D�Y�H���E�H�H�Q���À�U�V�W���D�J�U�H�H�G�������©���6�,�$���ª�������6�L�P�S�O�H���,�P�D�J�H��
�$�F�F�H�V�V�������W�R���D�F�F�H�V�V���L�P�D�J�H�V���D�Q�G���S�D�U�W���R�I ���L�P�D�J�H�V���G�H�S�H�Q�G�L�Q�J��
�R�Q���F�R�R�U�G�L�Q�D�W�H�V���D�Q�G���R�E�V�H�U�Y�D�W�L�R�Q�D�O���E�D�Q�G�����©���&�R�Q�H�6�H�D�U�F�K���ª������
�3�R�V�L�W�L�R�Q���U�H�O�D�W�H�G���V�H�D�U�F�K�������W�R���D�F�F�H�V�V���D�Q�\���V�R�X�U�F�H�V���G�H�S�H�Q�G�L�Q�J��
�R�Q���L�W�V���F�R�R�U�G�L�Q�D�W�H�V���D�Q�G���©���9�2�4�/������ �9�2���4�X�H�U�\�� �/�D�Q�J�X�D�J�H�V��
�ª�� ���� �W�R�� �V�H�W�X�S�� �T�X�H�U�L�H�V�� �Z�L�W�K�� �G�H�À�Q�H�G�� �S�D�U�D�P�H�W�H�U�V�� �O�L�Q�N�H�G�� �W�R��
�D�V�W�U�R�Q�R�P�L�F�D�O���V�H�D�U�F�K�H�V���� �0�R�U�H���F�R�P�S�O�L�F�D�W�H�G���S�U�R�W�R�F�R�O�V���K�D�Y�H��
�E�H�H�Q�� �X�V�H�G�� �D�I�W�H�U�Z�D�U�G�V���� �©�� �6�/�$�3�� �ª�� ���� �6�L�P�S�O�H�� �/�L�Q�H�� �$�F�F�H�V�V�� ����
�W�R�� �D�F�F�H�V�V�� �V�S�H�F�W�U�D�O�� �O�L�Q�H�V�� �G�H�S�H�Q�G�L�Q�J�� �R�Q�� �D�W�R�P�L�F�� �G�D�W�D�� �D�Q�G��
�H�Q�Y�L�U�R�Q�P�H�Q�W�����©���6�6�$���ª�������6�L�Q�J�O�H���6�S�H�F�W�U�X�P���$�F�F�H�V�V�������W�R���D�F�F�H�V�V��
�V�S�H�F�W�U�X�P�� �W�\�S�H�� �G�H�S�H�Q�G�L�Q�J�� �R�Q�� �F�R�R�U�G�L�Q�D�W�H�V�� �D�Q�G�� �V�S�H�F�W�U�D�O��
�U�D�Q�J�H�����©���7�$�3���ª�������7�D�E�O�H���D�Q�G���F�D�W�D�O�R�J���$�F�F�H�V�V�������W�R���D�F�F�H�V�V���G�D�W�D��
�Z�L�W�K���V�H�O�H�F�W�L�R�Q���S�R�V�V�L�E�O�H���R�Q���D�Q�\���F�U�L�W�H�U�L�D���Z�K�D�W�H�Y�H�U���W�K�H���Z�D�\��
�R�I ���V�W�R�U�L�Q�J���G�D�W�D��

Using the VO 

T�R���J�H�W���E�H�V�W���D�G�Y�D�Q�W�D�J�H�V���R�I ���W�K�H���G�D�W�D���G�L�V�S�R�V�D�O�����W�R�R�O�V���K�D�Y�H��
�E�H�H�Q�� �G�H�Y�H�O�R�S�H�G���� �0�R�U�H�� �D�U�H�� �G�H�G�L�F�D�W�H�G�� �W�R�� �W�K�H�� �G�L�V�F�R�Y�H�U�L�H�V��
�O�L�N�H�� �S�R�U�W�D�O�V�� �D�Q�G�� �T�X�H�U�L�H�V���� �6�H�Y�H�U�D�O�� �S�R�U�W�D�O�V�� �H�[�L�V�W�� �W�R�� �D�F�F�H�V�V��
�G�D�W�D���R�I ���W�K�H���Y�L�U�W�X�D�O���R�E�V�H�U�Y�D�W�R�U�\�������O�L�N�H���©���'�D�W�D�V�F�R�S�H���ª�����©���&�'�6��
�3�R�U�W�D�O���ª�����'�D�W�D�E�D�V�H���'�L�V�F�R�Y�H�U�\���7�R�R�O���D�U�H���D�O�V�R���G�H�Y�H�O�R�S�H�G���W�R��
�H�[�S�O�R�U�H���&�D�W�D�O�R�J�V���O�L�N�H���©���9�2�&�$�7���ª���Z�K�L�F�K���L�V���D���F�D�W�D�O�R�J���G�D�W�D��
�L�Q�W�H�U�I�D�F�H���W�R�R�O���W�R���W�U�D�Q�V�I�R�U�P���D�V�W�U�R�Q�R�P�L�F�D�O���G�D�W�D���L�Q���G�D�W�D�E�D�V�H�V��
�R�U���©���6�$�$�'�$�� �ª���� �6�H�Y�H�U�D�O���W�R�R�O�V���R�I�I�H�U���S�O�R�W�W�L�Q�J�� �D�Q�G���D�Q�D�O�\�V�L�V��
�I�X�Q�F�W�L�R�Q�D�O�L�W�L�H�V�� �O�L�N�H�� �©�� �9�2�3�O�R�W�� �ª���� �G�H�V�L�J�Q�H�G�� �I�R�U�� �/�D�U�J�H�� �G�D�W�D��
�V�H�W�V���� �R�U�� �©�� �7�2�3�&�$�7�� �ª�� �I�R�U�� �W�D�E�O�H���9�2�7�D�E�O�H�� �P�D�Q�L�S�X�O�D�W�L�R�Q��
�R�U�� �©�� �9�2�6�7�$�7�� �ª���� �W�R�R�O�� �I�R�U�� �V�W�D�W�L�V�W�L�F�D�O�� �D�Q�D�O�\�V�L�V���� �©�� �$�O�D�G�L�Q�� �ª��
�L�V���R�Q�H���R�I ���W�K�H���W�R�R�O�V���I�R�U���,�P�D�J�H���D�Q�G���&�D�W�D�O�R�J�X�H���G�L�V�S�O�D�\�L�Q�J����
�©���9�L�V�,�9�2���ª���D�V���Z�H�O�O���R�I�I�H�U�V���D���Y�L�V�X�D�O�L�V�D�W�L�R�Q���,�Q�W�H�U�I�D�F�H�����'�D�W�D��
�0�L�Q�L�Q�J���W�R�R�O�V���D�O�U�H�D�G�\���R�I�I�H�U���G�D�W�D���P�L�Q�L�Q�J���V�W�X�G�L�H�V���D�Q�G���D�Q�D�O�\�V�L�V��
�����©���0�,�5�$�*�(���ª�����%�H�O�O���/�D�E�V���0�L�U�D�J�H���R�I�I�H�U�V���P�X�O�W�L�G�L�P�H�Q�V�L�R�Q�D�O��
�Y�L�V�X�D�O�L�V�D�W�L�R�Q���R�I ���G�D�W�D�����©���9�2�6�7�$�7���ª���L�V���D���9�2�,�Q�G�L�D���W�R�R�O���I�R�U��
�V�W�D�W�L�V�W�L�F�D�O���D�Q�D�O�\�V�L�V�����©���9�2�6�S�H�F���ª���D�Q�G���©���6�3�(�&�9�,�H�Z���ª���I�U�R�P��
�W�K�H���6�7�6�&�,���D�U�H���G�H�D�O�L�Q�J���Z�L�W�K���V�S�H�F�W�U�D�O���G�D�W�D�����6�X�F�K���W�R�R�O�V���D�U�H��
�U�H�D�O�O�\�� �S�R�Z�H�U�I�X�O�O�� �D�V�� �W�K�H�\�� �K�L�G�H�� �W�K�H�� �F�R�P�S�O�H�[�L�W�\�� �R�I �� �W�K�H�� �9�2��
�L�Q�I�U�D�V�W�U�X�F�W�X�U�H���W�K�U�R�X�J�K�R�X�W���H�D�V�\���L�Q�W�H�U�I�D�F�H�V���D�Q�G���H�[�W�H�Q�G���W�K�H��
�9�2�� �F�D�S�D�E�L�O�L�W�L�H�V�� �Z�L�W�K�� �G�H�G�L�F�D�W�H�G�� �I�X�Q�F�W�L�R�Q�D�O�L�W�L�H�V���� �7�K�H�V�H��
�W�R�R�O�V�� �S�U�R�Y�L�G�H�� �E�D�V�L�F�� �D�F�F�H�V�V�� �W�R�� �9�2�� �I�R�U�P�D�W�W�H�G�� �G�D�W�D���� �)�,�7�6��
�D�Q�G���$�6�&�,�,���G�D�W�D�����$�O�O���W�K�H�V�H���W�R�R�O�V���R�I�I�H�U���J�U�H�D�W���I�X�Q�F�W�L�R�Q�D�O�L�W�L�H�V��
�W�R�� �D�Q�D�O�\�V�H�� �D�Q�\�� �N�L�Q�G�� �R�I �� �G�D�W�D�� �E�X�W�� �Z�K�H�Q�� �F�R�P�E�L�Q�H�G�� �W�K�H�\��
�I�R�U�P���D���U�H�D�O�O�\���S�R�Z�H�U�I�X�O���V�R�I�W�Z�D�U�H���V�X�L�W�H�����7�K�L�V���F�R�P�E�L�Q�D�W�L�R�Q��
�L�V���S�R�V�V�L�E�O�H���X�V�L�Q�J���6�$�0�3�����6�L�P�S�O�H���$�S�S�O�L�F�D�W�L�R�Q���0�H�V�V�D�J�L�Q�J������
�6�$�0�3�� �L�V�� �D�� �P�H�V�V�D�J�L�Q�J�� �S�U�R�W�R�F�R�O�� �I�R�U�� �L�Q�W�H�U�R�S�H�U�D�E�L�O�L�W�\�� �W�R��
�H�Q�D�E�O�H�� �L�Q�G�L�Y�L�G�X�D�O�� �W�R�R�O�V�� �W�R�� �Z�R�U�N�� �W�R�J�H�W�K�H�U���� �,�W�� �L�V�� �E�D�V�H�G�� �R�Q��
�;�0�/���5�3�&���� �0�H�V�V�D�J�H�V�� �D�U�H�� �V�W�D�Q�G�D�U�G�L�V�H�G�� �X�V�L�Q�J�� �N�H�\�Z�R�U�G�V��
�G�H�À�Q�H�G�� �D�V�� �V�W�D�Q�G�D�U�G�� �I�R�U�� �H�[�F�K�D�Q�J�H�V�� �X�V�L�Q�J�� �µ�P�W�\�S�H�V�µ��
���P�H�V�V�D�J�H���W�\�S�H�V�����D�Q�G���µ�S�D�U�D�P�V�µ�����S�D�U�D�P�H�W�H�U�V���������$�V���D�Q���H�[�W�H�Q�G��
�R�I �� �D�S�S�O�L�F�D�W�L�R�Q�V�� �P�H�V�V�D�J�L�Q�J�� �S�U�R�W�R�F�R�O���� �D�� �Q�H�Z�� �:�(�%�6�$�0�3��
�K�D�V���E�H�H�Q���G�H�À�Q�H�G���W�R���F�R�Q�Q�H�F�W���Z�H�E���D�S�S�O�L�F�D�W�L�R�Q�V�����7�K�H���J�O�R�E�D�O��

�X�V�D�J�H�� �L�V�� �G�H�À�Q�H�G�� �L�Q�� �À�J�X�U�H�� ������ �� �)�O�X�[�H�V�� �D�U�H�� �G�H�V�F�U�L�E�H�G�� �Z�L�W�K��
�E�O�X�H���D�U�U�R�Z�V���Z�K�L�O�H���V�W�D�Q�G�D�U�G�V���D�U�H���V�K�R�Z�Q���L�Q���E�R�[�H�V�����7�K�H���J�R�D�O��
�L�V���W�R���X�V�H���W�K�H�V�H���V�W�D�Q�G�D�U�G�V���D�Q�G���S�U�R�W�R�F�R�O�V���L�Q���D���W�U�D�Q�V�S�D�U�H�Q�W��
�Z�D�\���W�R���S�U�R�Y�L�G�H���V�F�L�H�Q�W�L�À�F���R�X�W�S�X�W�V��

T�U�\�L�Q�J���W�R���X�V�H���W�K�H���L�Q�I�U�D�V�W�U�X�F�W�X�U�H�����R�Q�H���F�D�Q���G�H�À�Q�H���L�W�V���R�Z�Q��
�X�V�H�� �F�D�V�H���� �$�V�� �V�H�H�Q�� �L�Q�� �À�J�X�U�H�� ������ �W�K�H�� �D�V�W�U�R�S�K�\�V�L�F�L�V�W�� �P�D�\����
�I�R�U�� �H�[�D�P�S�O�H���� �W�U�\�� �W�R�� �F�R�P�S�X�W�H�� �W�K�H�� �V�W�D�W�L�V�W�L�F�D�O�� �S�U�R�S�H�U�W�L�H�V��
�R�I �� �W�Z�R�� �S�R�S�X�O�D�W�L�R�Q�V�� �R�I �� �J�D�O�D�[�L�H�V�� �G�H�U�L�Y�H�G�� �I�U�R�P�� �G�L�I�I�H�U�H�Q�W��
�R�E�V�H�U�Y�D�W�L�R�Q�D�O�� �À�H�O�G�V�� �R�U�� �X�V�L�Q�J�� �W�Z�R�� �G�L�I�I�H�U�H�Q�W�� �Z�D�Y�H�O�H�Q�J�W�K��
�U�D�Q�J�H���� �6�W�D�U�W�L�Q�J�� �I�U�R�P�� �H�[�W�U�D�F�W�H�G�� �L�P�D�J�H�V�� �I�U�R�P�� �W�K�H�� �9�L�U�W�X�D�O��
�2�E�V�H�U�Y�D�W�R�U�\�� ���X�V�L�Q�J�� �'�D�W�D�� �0�R�G�H�O�V�� �D�Q�G�� �6�,�$������ �V�R�X�U�F�H�V��
�F�D�W�D�O�R�J�� �D�U�H�� �F�U�H�D�W�H�G�� ���X�V�L�Q�J�� �:�H�E�� �6�H�U�Y�L�F�H�V�� �6�(�[�W�U�D�F�W�R�U������
�W�K�H�Q�� �9�2�� �W�D�E�O�H�V�� �D�U�H�� �F�U�H�D�W�H�G���� �W�R�� �E�H�� �F�U�R�V�V�� �L�G�H�Q�W�L�À�H�G�� �Z�L�W�K��
�R�W�K�H�U���F�D�W�D�O�R�J�V�����X�V�L�Q�J���7�$�3�����&�R�Q�H�6�H�D�U�F�K�����D�Q�G���G�D�W�D���I�X�V�L�R�Q��
�L�V�� �R�S�H�U�D�W�H�G�� ���X�V�L�Q�J�� �W�R�R�O�V�� �7�2�3�&�$�7���$�/�$�'�,�1���� �:�H�E��
�6�H�U�Y�L�F�H�V������ �7�K�H�Q�� �D�� �F�R�P�S�D�U�D�W�L�Y�H�� �V�W�X�G�\�� �F�D�Q�� �E�H�� �S�H�U�I�R�U�P�H�G��
�D�Q�G���V�W�D�W�L�V�W�L�F�D�O���U�H�V�X�O�W�V���F�D�Q���E�H���G�H�U�L�Y�H�G��

T�K�H�� �Y�L�U�W�X�D�O�� �2�E�V�H�U�Y�D�W�R�U�\�� �H�Q�Y�L�U�R�Q�P�H�Q�W�� �E�H�F�R�P�H�V�� �H�D�V�L�H�U��
�D�Q�G���H�D�V�L�H�U���W�R���X�V�H���Z�L�W�K���P�R�U�H���D�Q�G���P�R�U�H���G�D�W�D���D�Y�D�L�O�D�E�O�H�����$�I�W�H�U��
�I�R�F�X�V�L�Q�J�� �R�Q�� �W�H�F�K�Q�L�F�D�O�� �S�D�U�W�V���� �W�K�L�V�� �L�V�� �D�� �Q�H�Z�� �H�U�D�� �Z�K�H�U�H�� �W�K�H��
�V�F�L�H�Q�W�L�À�F���J�R�D�O�V���G�U�L�Y�H���W�H�F�K�Q�L�F�D�O���G�H�Y�H�O�R�S�P�H�Q�W�V�����2�I ���F�R�X�U�V�H��
�W�K�H�U�H�� �L�V�� �V�W�L�O�O�� �V�R�P�H�� �W�K�L�Q�J�V�� �W�R�� �L�P�S�U�R�Y�H�� ���� �F�K�H�F�N�� �I�R�U�� �G�D�W�D��
�T�X�D�O�L�W�\���� �W�K�H�� �F�X�U�D�W�L�R�Q�� �R�I �� �G�D�W�D���� �Q�H�Z�� �V�W�D�Q�G�D�U�G�� �W�R�� �À�Q�D�O�L�V�H������
�2�I ���F�R�X�U�V�H���W�K�H�U�H���L�V���V�W�L�O�O���V�R�P�H���W�K�L�Q�J�V���W�R���G�R�����L�Q�F�O�X�G�H���$�/�/��
�G�D�W�D�����G�H�À�Q�H���H�Y�H�Q���H�D�V�L�H�U���W�R���X�V�H���S�R�U�W�D�O�V�������2�I ���F�R�X�U�V�H���W�K�H�U�H��
�L�V�� �Q�H�Z�� �D�U�H�D�� �W�R�� �Z�R�U�N�� �R�Q�� ���'�D�W�D�� �0�L�Q�L�Q�J���� �2�E�V�7�$�3���� �F�O�R�X�G��

Figure 4. Screen shots of VO-compliant softwares able to retrieve, visualise 
and analyse VO data (List available at http://ivoa.net/astronomers/
applications.htm).
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CRYSTALLOGRAPHY OPEN DATABASES AND 
PRESERVATION: A WORLD-WIDE INITIATIVE
Daniel Chateigner

In 2003, an international team of crystallographers proposed the Crystallography Open Database (COD), a fully-free 
collection of crystal structure data, in the aim of ensuring their preservation. With nearly 250000 entries, this database 
represents a large open set of data for crystallographers, academics and industrials, located at �ve different places 
world-wide, and included in Thomson-Reuters’ ISI. As a large step towards data preservation, raw data can now be 
uploaded along with «digested» structure �les, and COD can be questioned by most of the crystallography-linked 
industrial software. The COD initiative work deserves several other open developments.

Crystallography and Data Preservation
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Figure 1. Number of structure items archived into COD since launching in 
2003.
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�F�H�Q�W�U�L�F���V�F�L�H�Q�W�L�À�F���F�R�P�P�X�Q�L�F�D�W�L�R�Q�����,�P�S�R�U�W�D�Q�W�O�\�����&�,�)���L�V���D�Q��
�H�Y�R�O�Y�L�Q�J�� �O�D�Q�J�X�D�J�H���� �X�V�H�U�V�� �E�H�L�Q�J�� �D�E�O�H�� �W�R�� �F�U�H�D�W�H�� �W�K�H�L�U�� �R�Z�Q��
�G�L�F�W�L�R�Q�D�U�L�H�V�� �V�X�L�W�H�G�� �W�R�� �W�K�H�L�U�� �À�H�O�G�V���� �D�Q�G�� �U�H�O�\�L�Q�J�� �R�Q�� �D�� �F�R�U�H��
�G�L�F�W�L�R�Q�D�U�\���I�R�U���D�O�U�H�D�G�\���G�H�À�Q�H�G���F�R�Q�F�H�S�W�V�����$�F�F�R�P�S�D�Q�L�H�G���E�\��
�W�K�H�� �F�K�H�F�N�&�,�)�� �X�W�L�O�L�W�\���� �W�K�L�V�� �I�U�D�P�H�Z�R�U�N�� �Z�D�V�� �U�H�F�R�J�Q�L�V�H�G�� �E�\��
�W�K�H���$�Z�D�U�G���I�R�U���3�X�E�O�L�V�K�L�Q�J���,�Q�Q�R�Y�D�W�L�R�Q���R�I ���W�K�H���$�V�V�R�F�L�D�W�L�R�Q��
�R�I �� �/�H�D�U�Q�H�G�� �D�Q�G�� �3�U�R�I�H�V�V�L�R�Q�D�O�� �6�R�F�L�H�W�\�� �3�X�E�O�L�V�K�H�U�V�� �L�Q��
������������ �7�K�H�� �-�X�U�\�� �Z�D�V�� �©�L�P�S�U�H�V�V�H�G�� �Z�L�W�K�� �W�K�H�� �Z�D�\�� �L�Q�� �Z�K�L�F�K��
�&�,�)���D�Q�G���F�K�H�F�N�&�,�)���D�U�H���H�D�V�L�O�\���D�F�F�H�V�V�L�E�O�H���D�Q�G���K�D�Y�H���V�H�U�Y�H�G��
�W�R�� �P�D�N�H�� �F�U�L�W�L�F�D�O�� �F�U�\�V�W�D�O�O�R�J�U�D�S�K�L�F�� �G�D�W�D�� �P�R�U�H�� �F�R�Q�V�L�V�W�H�Q�W�O�\��
�U�H�O�L�D�E�O�H�� �D�Q�G�� �D�F�F�H�V�V�L�E�O�H�� �D�W�� �D�O�O�� �V�W�D�J�H�V�� �R�I �� �W�K�H�� �L�Q�I�R�U�P�D�W�L�R�Q��
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�F�K�D�L�Q���� �I�U�R�P�� �D�X�W�K�R�U�V���� �U�H�Y�L�H�Z�H�U�V�� �D�Q�G�� �H�G�L�W�R�U�V�� �W�K�U�R�X�J�K�� �W�R��
�U�H�D�G�H�U�V�� �D�Q�G�� �U�H�V�H�D�U�F�K�H�U�V���� �,�Q�� �G�R�L�Q�J�� �V�R���� �W�K�H�� �V�\�V�W�H�P�� �W�D�N�H�V��
�D�Z�D�\�� �W�K�H�� �G�R�Q�N�H�\�Z�R�U�N�� �I�U�R�P�� �H�Q�V�X�U�L�Q�J�� �W�K�D�W���W�K�H�� �U�H�V�X�O�W�V�� �R�I ��
�V�F�L�H�Q�W�L�À�F�� �U�H�V�H�D�U�F�K�� �D�U�H�� �W�U�X�V�W�Z�R�U�W�K�\�� �Z�L�W�K�R�X�W�� �G�H�W�U�D�F�W�L�Q�J��
�I�U�R�P���W�K�H���Y�D�O�X�H���R�I ���K�X�P�D�Q���M�X�G�J�H�P�H�Q�W���L�Q���W�K�H���U�H�V�H�D�U�F�K���D�Q�G��
�S�X�E�O�L�F�D�W�L�R�Q�� �S�U�R�F�H�V�V�ª���� �7�K�L�V���� �R�Q�H�� �\�H�D�U�� �R�U�� �V�R�� �E�H�I�R�U�H�� �W�K�H��
�D�G�Y�H�Q�W���R�I ���,�Q�W�H�U�Q�H�W���+�7�/�0����

O�U�L�J�L�Q�D�O�O�\���� �Q�H�Z�� �G�D�W�D�� �H�Q�W�U�L�H�V�� �Z�H�U�H�� �F�R�O�O�H�F�W�H�G���P�D�Q�X�D�O�O�\���� �E�\��
�W�K�H���D�G�Y�L�V�R�U�\���E�R�D�U�G���D�Q�G���L�Q�W�H�U�Q�D�W�L�R�Q�D�O���Y�R�O�X�Q�W�H�H�U���V�F�L�H�Q�W�L�V�W�V����
�1�R�Z�� �P�D�L�Q�O�\�� �R�S�H�U�D�W�H�G�� �E�\�� �R�X�U�� �/�L�W�K�X�D�Q�L�D�Q�� �U�H�S�U�H�V�H�Q�W�D�W�L�Y�H��
�W�H�D�P�� �L�Q�� �9�L�O�Q�L�X�V���� �&�2�'�� �X�S�O�R�D�G�V�� �D�U�H�� �P�R�U�H�� �D�Q�G�� �P�R�U�H��
�D�X�W�R�P�D�W�H�G�� �X�V�L�Q�J�� �K�D�U�Y�H�V�W�L�Q�J�� �S�U�R�F�H�G�X�U�H�V�� �I�U�R�P�� �V�F�L�H�Q�W�L�À�F��
�V�X�S�S�O�H�P�H�Q�W�D�U�\�� �P�D�W�H�U�L�D�O�V���� �6�R�P�H�� �S�X�E�O�L�V�K�H�U�V���� �D�Q�G�� �D�P�R�Q�J��
�W�K�H�P���,�8�&�U�����D�J�U�H�H���R�Q���V�X�F�K���S�U�D�F�W�L�F�H�V���I�R�U���W�K�H���E�H�V�W���V�F�L�H�Q�W�L�À�F��
�N�Q�R�Z�O�H�G�J�H���D�Q�G���L�W�V���V�X�V�W�D�L�Q�D�E�L�O�L�W�\����

D�D�W�D�� �S�U�H�V�H�U�Y�D�W�L�R�Q�� �L�V�� �H�Q�V�X�U�H�G�� �L�Q�� �&�2�'�� �Y�L�D�� �P�L�U�U�R�U�L�Q�J����
�)�R�X�U�� �P�L�U�U�R�U�V�� �D�U�H�� �D�F�W�X�D�O�O�\�� �V�H�W�W�O�H�G���� �L�Q�� �/�L�W�K�X�D�Q�L�D�� ���9�L�O�Q�L�X�V����
�K�W�W�S�������F�R�G���L�E�W���O�W�������� �)�U�D�Q�F�H�� ���&�D�H�Q���� �K�W�W�S�������F�R�G���H�Q�V�L�F�D�H�Q��
�I�U�������� �6�S�D�L�Q�� ���*�U�D�Q�D�G�D���� �K�W�W�S�������T�L�V�H�U�Y�H�U���X�J�U���H�V���F�R�G������ �D�Q�G��
�8�6�$�� ���3�R�U�W�O�D�Q�G���2�U�H�J�R�Q���� �K�W�W�S�������Q�D�Q�R�F�U�\�V�W�D�O�O�R�J�U�D�S�K�\��
�R�U�J�������� �D�Q�G�� �R�Q�H�� �U�H�J�L�V�W�H�U�H�G�� �G�R�P�D�L�Q���� �Z�Z�Z���F�U�\�V�W�D�O�O�R�J�U�D�S�K�\��
�Q�H�W���� �$�G�G�L�W�L�R�Q�D�O�� �U�H�J�X�O�D�U�� �E�D�F�N�X�S�V�� �D�U�H�� �P�D�G�H�� �R�Q�� �'�9�'��
�5�2�0�����0�L�U�U�R�U�L�Q�J���L�V���D�Q���H�I�À�F�L�H�Q�W���Z�D�\���W�R���N�H�H�S���G�D�W�D���R�Q���O�R�Q�J��
�W�L�P�H�� �V�F�D�O�H�V���� �L�Q�G�H�S�H�Q�G�H�Q�W�O�\�� �R�I �� �Q�D�W�L�R�Q�D�O���� �U�H�J�L�R�Q�D�O�� �R�U�� �O�R�F�D�O��
�S�R�O�L�W�L�F�V���� �L�Q�V�W�L�W�X�W�L�R�Q�V�� �F�O�R�V�L�Q�J�� �R�U�� �U�H�R�U�J�D�Q�L�V�D�W�L�R�Q���� �V�F�L�H�Q�W�L�V�W�V��
�P�R�Y�H���R�U���F�K�D�Q�J�H���R�I ���D�F�W�L�Y�L�W�\�����,�Q���W�K�L�V���U�H�V�S�H�F�W���R�Q�H���E�L�J���G�D�W�D��
�F�H�Q�W�U�H�� �L�V�� �F�R�Q�V�L�G�H�U�H�G�� �O�H�V�V�� �V�X�V�W�D�L�Q�D�E�O�H�� �R�Y�H�U�� �W�L�P�H�� �W�K�D�Q�� �D�Q��
�L�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �Q�H�W�Z�R�U�N�� �R�I �� �P�L�U�U�R�U�V���� �$�O�V�R���� �X�Q�O�L�N�H�� �F�O�R�V�H�G��
�G�D�W�D�E�D�V�H�V���I�R�U���Z�K�L�F�K���G�D�W�D���S�U�H�V�H�U�Y�D�W�L�R�Q���G�H�S�H�Q�G�V���V�R�O�H�O�\���R�Q��
�W�K�H���R�Z�Q�H�U���R�I ���W�K�H���G�D�W�D�E�D�V�H�����R�S�H�Q���G�D�W�D�E�D�V�H�V���F�D�Q���E�H���E�D�F�N�H�G��
�X�S�� �Á�H�[�L�E�O�\���� �E�D�O�D�Q�F�L�Q�J�� �E�D�F�N�X�S�� �F�R�V�W�V�� �D�J�D�L�Q�V�W�� �W�K�H�� �Y�D�O�X�H�� �R�I ��
�G�D�W�D���I�R�U���W�K�H���V�W�D�N�H�K�R�O�G�H�U�V����

T�K�H�� �&�2�'�� �G�D�W�D�� �L�W�H�P�V�� �Z�L�O�O�� �E�H�� �L�Q�G�H�À�Q�L�W�H�O�\�� �P�D�L�Q�W�D�L�Q�H�G��
�D�V�� �D�Y�D�L�O�D�E�O�H�� �R�Y�H�U�� �G�H�V�L�J�Q�D�W�H�G�� �8�5�,�V���� �7�K�X�V���� �D�Q�� �8�5�,��
�F�R�Q�W�D�L�Q�L�Q�J�� �D�� �&�2�'�� �Q�X�P�E�H�U�� �L�Q�� �D�� �I�R�U�P�� �K�W�W�S�������Z�Z�Z��
�F�U�\�V�W�D�O�O�R�J�U�D�S�K�\���Q�H�W�����&�2�'���Q�X�P�E�H�U�!���F�L�I �� �� ���H���J���� �K�W�W�S������
�Z�Z�Z���F�U�\�V�W�D�O�O�R�J�U�D�S�K�\���Q�H�W�������������������F�L�I������ �� �L�V�� �S�H�U�P�D�Q�H�Q�W�O�\��
�P�D�S�S�H�G�� �W�R�� �W�K�H�� �F�R�U�U�H�V�S�R�Q�G�L�Q�J�� �&�,�)���� �Q�R�� �P�D�W�W�H�U�� �Z�K�D�W�� �À�O�H��
�O�D�\�R�X�W���R�U���L�Q�W�H�U�Q�D�O���U�H�S�U�H�V�H�Q�W�D�W�L�R�Q���W�K�H���&�2�'���L�V���X�V�L�Q�J�����6�R���I�D�U��
�Z�H���K�D�Y�H���P�D�L�Q�W�D�L�Q�H�G���W�K�H���G�H�V�F�U�L�E�H�G���8�5�,�V���V�L�Q�F�H���������������D�Q�G��
�U�H�V�H�D�U�F�K�H�U�V���F�D�Q���U�H�O�\���R�Q���W�K�H���Z�H�E���V�H�U�Y�L�F�H�V���S�U�R�Y�L�G�H�G���E�\���W�K�H��
�&�2�'���V�H�U�Y�H�U�����D�Q�G���R�Q���W�K�H���S�R�V�V�L�E�L�O�L�W�\���W�R���R�E�W�D�L�Q���O�R�F�D�O���F�R�S�L�H�V��
�R�U�� �U�H�V�W�R�U�H�� �S�U�H�Y�L�R�X�V�� �G�D�W�D�� �L�Q�� �D�� �V�W�D�Q�G�D�U�G�� �Z�D�\�� �L�I �� �Q�H�H�G�H�G����
�)�X�U�W�K�H�U���G�H�Y�H�O�R�S�P�H�Q�W�V���D�U�H���H�Q�Y�L�V�L�R�Q�H�G���W�R�Z�D�U�G�V���F�O�X�V�W�H�U�L�Q�J��
�R�I �� �W�K�H�� �&�2�'�� �P�L�U�U�R�U�V���� �L�Q�F�O�X�G�L�Q�J�� �L�Q�F�R�U�S�R�U�D�W�L�R�Q�� �D�Q�G���R�U��
�O�L�Q�N�L�Q�J�� �R�I �� �R�W�K�H�U�� �R�S�H�Q�� �G�D�W�D�E�D�V�H�V�� �I�R�U�� �O�D�U�J�H�U�� �G�D�W�D�� �V�K�D�U�L�Q�J��
�D�Q�G���L�Q�W�H�U���R�S�H�U�D�E�L�O�L�W�\����

COD�� �D�O�V�R�� �U�H�F�H�L�Y�H�V�� �P�X�F�K�� �D�W�W�H�Q�W�L�R�Q�� �I�U�R�P�� �L�Q�G�X�V�W�U�L�D�O�V�� �L�Q��
�W�K�H�� �F�U�\�V�W�D�O�O�R�J�U�D�S�K�\�� �À�H�O�G�� ���P�D�L�Q�O�\�� �G�L�I�I�U�D�F�W�R�P�H�W�H�U�V�� �D�Q�G��
�V�R�I�W�Z�D�U�H�� �F�R�P�S�D�Q�L�H�V������ �E�X�W�� �D�O�V�R�� �I�U�R�P�� �7�K�R�P�V�R�Q�� �5�H�X�W�H�U�V����

�7�K�H���I�R�U�P�H�U�V���I�R�X�Q�G���L�Q���&�2�'���D�Q���L�Q�Y�D�O�X�D�E�O�H���Z�D�\���R�I ���J�H�W�W�L�Q�J��
�I�U�H�H���� �U�H�D�G�\���W�R���X�V�H�� �D�Q�G�� �K�L�J�K�� �T�X�D�O�L�W�\�� �V�F�L�H�Q�W�L�À�F�� �G�D�W�D���� �7�K�H�\��
�L�Q�F�R�U�S�R�U�D�W�H���&�2�'���V�X�E�Y�H�U�V�L�R�Q�V���L�Q���W�K�H�L�U���R�Z�Q���V�R�I�W�Z�D�U�H���D�Q�G��
�I�R�U�� �W�K�H�L�U�� �F�O�L�H�Q�W���S�X�U�S�R�V�H�V���� �7�K�H�� �O�D�W�W�H�U�� �L�Q�F�R�U�S�R�U�D�W�H�G�� �D�� �Q�H�Z��
�P�H�P�E�H�U���W�R���W�K�H���:�H�E���R�I ���.�Q�R�Z�O�H�G�J�H���I�D�P�L�O�\���R�I ���G�D�W�D�E�D�V�H�V����
�W�K�H���'�D�W�D���&�L�W�D�W�L�R�Q���,�Q�G�H�[�����'�&�,�����L�Q���Z�K�L�F�K���&�2�'���W�R�R�N���Q�R�W��
�O�H�V�V���W�K�D�Q���W�K�H���À�I�W�K���S�O�D�F�H���L�Q������������

More than COD

S�H�Y�H�U�D�O�� �R�W�K�H�U�� �R�S�H�Q�� �G�D�W�D�E�D�V�H�V�� �H�[�L�V�W�� �L�Q�� �W�K�H�� �À�H�O�G�� �R�I ��
�F�U�\�V�W�D�O�O�R�J�U�D�S�K�\���� �D�F�W�X�D�O�O�\�� �F�X�U�D�W�L�Q�J���� �G�H�O�L�Y�H�U�L�Q�J�� �D�Q�G��
�D�U�F�K�L�Y�L�Q�J�� �L�Q�G�H�S�H�Q�G�H�Q�W�O�\�� �V�W�U�X�F�W�X�U�D�O�� �G�D�W�D���� �P�R�U�H�� �R�U�� �O�H�V�V��
�Q�R�W�� �U�H�G�X�Q�G�D�Q�W�O�\���� �$�P�R�Q�J�� �W�K�H�� �S�U�R�P�L�Q�H�Q�W�� �R�Q�H�V���� �Z�H�� �À�Q�G��
�W�K�H�� �$�P�H�U�L�F�D�Q�� �0�L�Q�H�U�D�O�R�J�L�V�W�� �&�U�\�V�W�D�O�� �6�W�U�X�F�W�X�U�H�� �'�D�W�D�E�D�V�H��
���K�W�W�S�������U�U�X�I�I���J�H�R���D�U�L�]�R�Q�D���H�G�X���$�0�6���D�P�F�V�G���S�K�S������ �W�K�H��
�3�U�R�W�H�L�Q���'�D�W�D���%�D�Q�N�����K�W�W�S�������Z�Z�Z���Z�Z�S�G�E���R�U�J���������W�K�H���%�L�O�E�D�R��
�&�U�\�V�W�D�O�O�R�J�U�D�S�K�L�F�� �6�H�U�Y�H�U�� ���K�W�W�S�������Z�Z�Z���F�U�\�V�W���H�K�X���H�V�������� �W�K�H��
�,�Q�W�H�U�Q�D�W�L�R�Q�D�O���=�H�R�O�L�W�H���$�V�V�R�F�L�D�W�L�R�Q���'�D�W�D�E�D�V�H�����K�W�W�S�������Z�Z�Z��
�L�]�D���V�W�U�X�F�W�X�U�H���R�U�J���G�D�W�D�E�D�V�H�V�������� �� �W�K�H�� �5�D�P�D�Q�� �6�S�H�F�W�U�D�� �R�I ��
�0�L�Q�H�U�D�O�V�����K�W�W�S�������P�L�Q�H�U�D�O�V���J�S�V���F�D�O�W�H�F�K���H�G�X���À�O�H�V���U�D�P�D�Q��������
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Figure 2.  Actual Open Databases landscape directly surrounding COD.
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We describe here how satellite earth data are managed and preserved. They represent a huge volume of data which 
have the particularity to come from the sensors being used and to be costly to obtain as satellite missions require 
national and/or international substantial material. They are more and more pooled so as to ease the access to resources 
and to reduce the costs. Maintaining, treating and preserving these satellite earth data is of prime importance as they 
are essential for dealing with many current environmental challenges (climate change, littoral, etc.). In order to be able 
to treat and reuse them, many issues must be tackled regarding both technical and semantic problems. In particular, 
we show how important metadata are.

Introduction

E�D�U�W�K�� �R�E�V�H�U�Y�D�W�L�R�Q�� �L�V�� �H�V�V�H�Q�W�L�D�O�� �I�R�U�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �L�V�V�X�H�V����
�H�U�R�V�L�R�Q�� �R�I �� �F�R�D�V�W�O�L�Q�H���� �Q�D�W�X�U�D�O�� �K�D�]�D�U�G�V���� �H�Y�R�O�X�W�L�R�Q�� �R�I ��
�E�L�R�G�L�Y�H�U�V�L�W�\��������

��

Figure 1. Top ten primary data uses 
(source: http://landsat.usgs.gov/Landsat_Project_Statistics.php).

S�D�W�H�O�O�L�W�H�� �R�E�V�H�U�Y�D�W�L�R�Q�V�� �F�R�P�H�� �D�V�� �D�Q�� �H�V�V�H�Q�W�L�D�O��
�F�R�P�S�O�H�P�H�Q�W�D�U�L�W�\���W�R���L�Q���V�L�W�X���R�E�V�H�U�Y�D�W�L�R�Q�V���D�W���Y�D�U�L�R�X�V���V�F�D�O�H�V����
�7�K�H�� �À�U�V�W�� �P�L�V�V�L�R�Q�V�� �G�D�W�H�� �E�D�F�N�� �W�R�� �W�K�H�� �H�Q�G�� �R�I �� �W�K�H�� �����W�K��
�&�H�Q�W�X�U�\�����6�L�Q�F�H���W�K�H�Q�����V�H�Y�H�U�D�O���V�D�W�H�O�O�L�W�H�V���K�D�Y�H���E�H�H�Q���O�D�X�Q�F�K�H�G��
�D�Q�G���W�K�H�L�U���Q�X�P�E�H�U���N�H�H�S�V���L�Q�F�U�H�D�V�L�Q�J�����W�K�X�V���O�H�D�G�L�Q�J���W�R���D���K�X�J�H��
�Y�R�O�X�P�H�� �R�I �� �V�D�W�H�O�O�L�W�H�� �G�D�W�D�� �E�H�L�Q�J�� �D�Y�D�L�O�D�E�O�H�� �Z�K�L�F�K�� �L�Q�F�U�H�D�V�H�V��
�G�U�D�P�D�W�L�F�D�O�O�\�����7�K�H���P�R�V�W���I�D�P�R�X�V���P�L�V�V�L�R�Q�V���L�Q�F�O�X�G�H���/�D�Q�G�V�D�W����
�6�3�2�7�����3�O�H�L�D�G�H�V��������

T�K�H���Q�X�P�E�H�U���R�I ���L�P�D�J�H�V���G�L�V�W�U�L�E�X�W�H�G���L�V���L�Q�F�U�H�D�V�L�Q�J���Y�H�U�\���I�D�V�W����
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O�E�V�H�U�Y�D�W�L�R�Q���G�D�W�D���D�U�H���S�U�R�G�X�F�H�G���E�\���X�V�L�Q�J���G�L�I�I�H�U�H�Q�W���V�H�Q�V�R�U�V����
�Z�K�L�F�K���F�D�Q���J�H�Q�H�U�D�O�O�\���E�H���G�L�Y�L�G�H�G���L�Q�W�R���W�Z�R���P�D�L�Q���F�D�W�H�J�R�U�L�H�V����
�L�Q���V�L�W�X�� �V�H�Q�V�R�U�V�� �D�Q�G�� �W�K�R�V�H�� �Z�K�L�F�K�� �D�U�H�� �F�D�U�U�L�H�G�� �E�\�� �V�D�W�H�O�O�L�W�H�V��
���S�D�V�V�L�Y�H���R�S�W�L�F�D�O���V�H�Q�V�R�U�V���D�Q�G���D�F�W�L�Y�H���U�D�G�D�U���V�H�Q�V�R�U�V����

A�V�� �H�[�S�O�D�L�Q�H�G�� �L�Q�� �>���@���� �U�R�X�J�K�O�\�� �V�S�H�D�N�L�Q�J���� �´�W�K�H�� �G�H�W�D�L�O��
�G�L�V�F�H�U�Q�L�E�O�H�� �L�Q�� �D�Q�� �L�P�D�J�H�� �L�V�� �G�H�S�H�Q�G�H�Q�W�� �R�Q�� �W�K�H�� �V�S�D�W�L�D�O��
�U�H�V�R�O�X�W�L�R�Q�� �R�I �� �W�K�H�� �V�H�Q�V�R�U�� �D�Q�G�� �U�H�I�H�U�V�� �W�R�� �W�K�H�� �V�L�]�H�� �R�I �� �W�K�H��
�V�P�D�O�O�H�V�W�� �S�R�V�V�L�E�O�H�� �I�H�D�W�X�U�H�� �W�K�D�W�� �F�D�Q�� �E�H�� �G�H�W�H�F�W�H�G���� �6�S�D�W�L�D�O��
�U�H�V�R�O�X�W�L�R�Q���R�I ���S�D�V�V�L�Y�H���V�H�Q�V�R�U�V�����Z�H���Z�L�O�O���O�R�R�N���D�W���W�K�H���V�S�H�F�L�D�O��
�F�D�V�H���R�I ���D�F�W�L�Y�H���P�L�F�U�R�Z�D�Y�H���V�H�Q�V�R�U�V���O�D�W�H�U�����G�H�S�H�Q�G�V���S�U�L�P�D�U�L�O�\��
�R�Q�� �W�K�H�L�U�� �,�Q�V�W�D�Q�W�D�Q�H�R�X�V�� �)�L�H�O�G�� �R�I �� �9�L�H�Z�� ���,�)�2�9������ �7�K�H��
�,�)�2�9���L�V���W�K�H���D�Q�J�X�O�D�U���F�R�Q�H���R�I ���Y�L�V�L�E�L�O�L�W�\���R�I ���W�K�H���V�H�Q�V�R�U���D�Q�G��
�G�H�W�H�U�P�L�Q�H�V���W�K�H���D�U�H�D���R�Q���W�K�H���(�D�U�W�K�·�V���V�X�U�I�D�F�H���Z�K�L�F�K���L�V���©�V�H�H�Q�ª��
�I�U�R�P���D���J�L�Y�H�Q���D�O�W�L�W�X�G�H���D�W���R�Q�H���S�D�U�W�L�F�X�O�D�U���P�R�P�H�Q�W���L�Q���W�L�P�H����
�7�K�L�V���D�U�H�D���R�Q���W�K�H���J�U�R�X�Q�G���L�V���F�D�O�O�H�G���W�K�H���U�H�V�R�O�X�W�L�R�Q���F�H�O�O���D�Q�G��
�G�H�W�H�U�P�L�Q�H�V���D���V�H�Q�V�R�U�·�V���P�D�[�L�P�X�P���V�S�D�W�L�D�O���U�H�V�R�O�X�W�L�R�Q�µ��
�6�S�D�W�L�D�O�� �U�H�V�R�O�X�W�L�R�Q�� �K�D�V�� �H�Y�R�O�Y�H�G�� �R�Y�H�U�� �W�L�P�H�� �I�U�R�P�� �O�R�Z��
�U�H�V�R�O�X�W�L�R�Q�� �L�P�D�J�H�V�� ���H���J������ �������P�� �I�R�U�� �0�(�5�,�6���� �����P�� �I�R�U�� �W�K�H��
�À�U�V�W���/�D�Q�G�V�D�W���L�P�D�J�H�V�����W�R���P�H�G�L�X�P���U�H�V�R�O�X�W�L�R�Q�����H���J�����������P���I�R�U��
�6�3�2�7�������L�P�D�J�H�V�����D�Q�G���W�R���K�L�J�K���U�H�V�R�O�X�W�L�R�Q���L�P�D�J�H�V�����H���J�������������P��
�I�R�U���6�3�2�7�������L�P�D�J�H�V�����������P���I�R�U���3�O�H�L�D�G�H�V���L�P�D�J�H�V����

S�H�Y�H�U�D�O�� �L�Q�L�W�L�D�W�L�Y�H�V�� �D�U�H�� �F�X�U�U�H�Q�W�O�\�� �X�Q�G�H�U�W�D�N�H�Q�� �L�Q�� �R�U�G�H�U�� �W�R��
�S�R�R�O���U�H�V�R�X�U�F�H�V���D�Q�G���V�H�U�Y�L�F�H�V����
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�O�R�Q�J�H�V�W�� �F�R�Q�W�L�Q�X�R�X�V�O�\�� �D�F�T�X�L�U�H�G�� �F�R�O�O�H�F�W�L�R�Q�� �R�I �� �V�S�D�F�H��
�E�D�V�H�G�� �P�R�G�H�U�D�W�H���U�H�V�R�O�X�W�L�R�Q�� �O�D�Q�G�� �U�H�P�R�W�H�� �V�H�Q�V�L�Q�J�� �G�D�W�D��
�U�H�S�U�H�V�H�Q�W�L�Q�J���I�R�X�U���G�H�F�D�G�H�V���R�I ���L�P�D�J�H�U�\��
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�&�D�Q�D�U�L�H�V���� �1�R�X�Y�H�O�O�H���&�D�O�p�G�R�Q�L�H���� �3�R�O�\�Q�p�V�L�H�� �)�U�D�Q�o�D�L�V�H����
�D�Q�G�� �D�L�P�V�� �D�W�� �S�D�U�W�L�F�L�S�D�W�L�Q�J�� �D�W�� �W�K�H�� �P�D�Q�D�J�H�P�H�Q�W�� �R�I �� �W�K�H��
�H�Q�Y�L�U�R�Q�P�H�Q�W���D�Q�G���W�K�H���V�X�V�W�D�L�Q�D�E�O�H���G�H�Y�H�O�R�S�P�H�Q�W���L�Q���W�U�R�S�L�F�D�O��
�D�U�H�D�V����
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�D�L�P�V���D�W���E�X�L�O�G�L�Q�J���D���1�D�W�L�R�Q�D�O���V�D�W�H�O�O�L�W�H���G�D�W�D���L�Q�I�U�D�V�W�U�X�F�W�X�U�H���I�R�U��
�H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���D�Q�G���W�H�U�U�L�W�R�U�L�D�O���U�H�V�H�D�U�F�K���D�Q�G���L�W�V���D�S�S�O�L�F�D�W�L�R�Q��
�W�R���P�D�Q�D�J�H�P�H�Q�W���D�Q�G���S�X�E�O�L�F���S�R�O�L�F�L�H�V�����7�K�H���S�U�R�M�H�F�W���L�Q�F�O�X�G�H�V��
�P�D�Q�\���D�F�W�R�U�V�����7�K�H���&�,�1�(�6�����&�H�Q�W�U�H���,�Q�I�R�U�P�D�W�L�T�X�H���1�D�W�L�R�Q�D�O��
�G�H�� �O�·�(�Q�V�H�L�J�Q�H�P�H�Q�W�� �6�X�S�p�U�L�H�X�U���� �F�R�Q�W�U�L�E�X�W�H�V�� �I�R�U�� �G�D�W�D��
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Figure 2.  Acquisition and Production of Satellite Images (UML Formalism).
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Figure 3. The GEOSUD Work�ow for Short- and Long-Term Preservation.
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Introduction

S�H�L�V�P�L�F�� �G�D�W�D�� �D�U�H�� �X�V�H�G�� �W�R�� �L�P�D�J�H�� �W�K�H�� �V�H�G�L�P�H�Q�W�D�U�\�� �O�D�\�H�U�V��
�D�Q�G���W�K�H���W�H�F�W�R�Q�L�F���V�W�U�X�F�W�X�U�H�V���R�I ���W�K�H���(�D�U�W�K�����I�R�U���K�\�G�U�R�F�D�U�E�R�Q��
�H�[�S�O�R�U�D�W�L�R�Q���� �Q�H�D�U���V�X�U�I�D�F�H�� �D�S�S�O�L�F�D�W�L�R�Q�V�� ���H�Q�J�L�Q�H�H�U�L�Q�J��
�D�Q�G�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �V�X�U�Y�H�\�V������ �R�U�� �F�U�X�V�W�D�O�� �V�W�X�G�L�H�V�� ���À�J�X�U�H��
�������� �(�[�S�O�R�U�D�W�L�R�Q�� �D�Q�G�� �S�U�R�G�X�F�W�L�R�Q�� �F�R�P�S�D�Q�L�H�V�� �D�V�� �Z�H�O�O�� �D�V��
�D�F�D�G�H�P�L�D���X�V�H���W�K�H�V�H���P�H�W�K�R�G�V���R�Q���O�D�Q�G���D�Q�G���R�Q���V�H�D���V�L�Q�F�H���W�K�H��
���V�W���K�D�O�I ���R�I ���W�K�H�������W�K���F�H�Q�W�X�U�\����

Figure 1. Typical seismic section (vertical scale: two-way travel time 0-4.5s, 
horizontal scale: distance) showing a rift with opposite tilted blocks.

D�D�W�D���Z�H�U�H���À�U�V�W���R�Q���S�D�S�H�U���R�U���À�O�P�����À�J�X�U�H�����������W�K�D�Q���G�L�J�L�W�D�O�O�\��
�R�Q�� �P�D�J�Q�H�W�L�F�� �V�X�S�S�R�U�W�V���� �D�Q�G�� �U�H�S�U�H�V�H�Q�W�� �P�D�Q�\�� �Y�D�O�X�D�E�O�H��
�G�D�W�D�V�H�W�V���� �3�U�H�V�H�U�Y�D�W�L�R�Q�� �R�I �� �W�K�H�V�H�� �S�D�W�U�L�P�R�Q�L�D�O�� �G�D�W�D�� �L�V�� �R�I ��
�K�L�J�K�H�V�W���L�P�S�R�U�W�D�Q�F�H��

��

Why preservation of seismic data is 

essential

�©�� �*�H�R�S�K�\�V�L�F�D�O�� �G�D�W�D�� �L�V�� �S�U�H�V�H�U�Y�H�G�� �I�R�U�H�Y�H�U�� �ª���� �7�K�D�W�·�V��
�Z�K�D�W�� �Z�U�R�W�H�� �6�D�Y�D�J�H�� �>���@���� �F�K�D�L�U�� �R�I �� �W�K�H�� �6�(�*�� ���6�R�F�L�H�W�\�� �R�I ��
�(�[�S�O�R�U�D�W�L�R�Q�� �*�H�R�S�K�\�V�L�F�L�V�W�V���� �$�U�F�K�L�Y�L�Q�J�� �D�Q�G�� �6�W�R�U�D�J�H��
�6�W�D�Q�G�D�U�G�V���6�X�E�F�R�P�P�L�W�W�H�H���L�Q�������������� �D�Q�G���K�H���F�R�P�S�D�U�H�G���W�K�H��
�V�H�L�V�P�L�F���G�D�W�D���K�R�D�U�G�V���W�R���©���I�D�P�L�O�\���M�H�Z�H�O�V���ª�����6�H�Y�H�U�D�O���U�H�D�V�R�Q�V��
�H�[�S�O�D�L�Q���W�K�L�V��

	 �$�F�T�X�L�V�L�W�L�R�Q���R�U���U�H�V�X�U�Y�H�\���F�R�V�W�V���D�U�H���K�L�J�K�����E�H�F�D�X�V�H���R�I ��
�G�X�U�D�W�L�R�Q���R�I ���V�X�U�Y�H�\�V�����Q�H�F�H�V�V�D�U�\���S�H�U�V�R�Q�Q�H�O�����L�P�P�R�E�L�O�L�]�D�W�L�R�Q��
�R�I �� �K�D�U�G�Z�D�U�H���� �S�O�D�W�I�R�U�P�V���� �H�W�F���� �7�\�S�L�F�D�O�� �F�R�V�W�V�� �U�D�Q�J�H�� �I�U�R�P��
�a���������������N�P�� �L�Q�� �R�Q�V�K�R�U�H�� ���'���� �����������������N�P���� �L�Q�� �R�Q�V�K�R�U�H��
���'�����D�Q�G���P�D�U�L�Q�H���V�H�L�V�P�L�F���V�X�U�Y�H�\�V���F�D�Q���F�R�V�W���X�S�Z�D�U�G��������������������
�S�H�U���G�D�\��

	 �5�H�V�X�U�Y�H�\�L�Q�J�� �P�D�\�� �E�H�� �L�Q�I�H�D�V�L�E�O�H�� �G�X�H�� �W�R�� �F�X�O�W�X�U�D�O��
�E�X�L�O�G���X�S���� �R�U�� �S�R�O�L�W�L�F�D�O�� �F�K�D�Q�J�H�V�� �L�Q�� �F�R�X�Q�W�U�L�H�V���� �0�R�U�H�R�Y�H�U���� �L�W��
�L�V�� �V�R�P�H�W�L�P�H�V�� �L�Q�W�H�U�H�V�W�L�Q�J�� �W�R�� �F�R�P�S�D�U�H�� �V�H�Y�H�U�D�O�� �E�U�D�Q�G�V�� �R�I ��
�V�X�U�Y�H�\�V���W�K�D�W���Z�H�U�H���D�F�T�X�L�U�H�G���D�O�R�Q�J���W�L�P�H���I�R�U�����'���V�W�X�G�L�H�V��

	 �2�O�G�H�U���G�D�W�D���D�U�H���U�H�X�V�H�G���Z�L�W�K���R�U���Z�L�W�K�R�X�W���U�H�S�U�R�F�H�V�V�L�Q�J��
�X�V�L�Q�J�� �Q�H�Z�� �D�O�J�R�U�L�W�K�P�V�� ���O�L�N�H�� �3�6�'�0���� �S�U�H�� �V�W�D�F�N�� �G�H�S�W�K��
�P�L�J�U�D�W�L�R�Q������ �I�R�U�� �Q�H�Z�H�U�� �J�H�R�S�K�\�V�L�F�D�O���J�H�R�O�R�J�L�F�D�O�� �V�W�X�G�L�H�V����
�5�H�F�H�Q�W�� �H�[�D�P�S�O�H�V�� �D�U�H�� �W�K�H�� �X�V�H�� �R�I �� �O�H�J�D�F�\�� �G�D�W�D�� �W�R�� �V�X�S�S�R�U�W��
�Q�D�W�L�R�Q�D�O�� �F�O�D�L�P�V�� �I�R�U�� �=�(�(�� �H�[�W�H�Q�V�L�R�Q�V�� ���8�1�&�/�2�6���� �8�Q�L�W�H�G��
�1�D�W�L�R�Q�V���&�R�Q�Y�H�Q�W�L�R�Q���R�Q���W�K�H���/�D�Z���R�I ���W�K�H���6�H�D�����Z�K�H�U�H���G�D�W�D��
�R�I�I�V�K�R�U�H�� �0�R�]�D�P�E�L�T�X�H���� �.�H�Q�\�D���� �6�H�\�F�K�H�O�O�H�V���� �0�D�G�D�J�D�V�F�D�U����
�%�D�\�� �R�I �� �%�L�V�F�D�\���� �Z�H�U�H�� �R�I �� �À�U�V�W�� �Y�D�O�X�H�� ���� �F�R�Q�W�U�L�E�X�W�L�R�Q�V�� �W�R��
�D�F�D�G�H�P�L�F�� �U�H�V�H�D�U�F�K�� �O�L�N�H�� �I�R�U�� �$�1�5�� �7�2�3�2�$�)�5�,�&�$�� ����
�D�F�T�X�L�V�L�W�L�R�Q�� �R�I �� �R�L�O�� �L�Q�G�X�V�W�U�\�� �W�R�� �S�U�H�S�D�U�H�� �Q�H�Z�� �E�L�G�V�� �L�Q�� �W�K�H��
�0�R�]�D�P�E�L�T�X�H���&�K�D�Q�Q�H�O�����H�W�F�����'�D�W�D���I�U�R�P���W�K�H���I�U�H�Q�F�K���(�&�2�5�6��
�S�U�R�J�U�D�P�����(�W�X�G�H���&�R�Q�W�L�Q�H�Q�W�D�O�H���H�W���2�F�p�D�Q�L�T�X�H���S�D�U���5�p�Á�H�[�L�R�Q��

Seismic Data Preservation

Marc Schaming

Seismic methods are used to investigate the subsurface of the Earth to image the sedimentary layers and the tectonic 
structures, for hydrocarbon exploration, near-surface applications, or crustal studies. Since the 1st half of the 20th 
century, data are acquired and stored on paper, �lm, tapes or disks. The preservation of these unique data is of outmost 
importance, and has to deal with favorable and unfavorable aspects. Some recent European projects demonstrated 
that it is possible to preserve and re-use the seismic data, but that this is to be done at national or European level.

Figure 2. Old original documents: seismic section on paper, navigation 
chart, logbook, etc.
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Table 1. Typical volumes of datasets at acquisition.

�H�W���U�p�I�U�D�F�W�L�R�Q���6�L�V�P�L�T�X�H���������������������������D�U�H���U�H�J�X�O�D�U�O�\���U�H�T�X�H�V�W�H�G��
�E�\���D�F�D�G�H�P�L�F���U�H�V�H�D�U�F�K�H�U�V���D�V���Z�H�O�O���D�V���E�\���W�K�H���L�Q�G�X�V�W�U�\��

Obstacles and advantages

P�U�H�V�H�U�Y�D�W�L�R�Q���R�I ���V�H�L�V�P�L�F���G�D�W�D���K�D�Y�H���W�R���G�H�D�O���Z�L�W�K���I�D�Y�R�U�D�E�O�H��
�D�V�S�H�F�W�V�������������E�X�W���D�O�V�R���K�D�Y�H���W�R���F�R�Y�H�U���X�Q�I�D�Y�R�U�D�E�O�H���R�Q�H�V������������

��	 �3�H�U�P�D�Q�H�Q�W���L�Q�F�U�H�D�V�H���R�I���G�D�W�D���Y�R�O�X�P�H���D�Q�G���D�U�F�K�L�Y�H���V�L�]�H��������

A�O�R�Q�J���W�L�P�H���W�K�H�U�H���L�V���D���S�H�U�P�D�Q�H�Q�W���L�Q�F�U�H�D�V�H���R�I ���G�D�W�D���Y�R�O�X�P�H��
�G�X�U�L�Q�J���D�F�T�X�L�V�L�W�L�R�Q���D�Q�G���S�U�R�F�H�V�V�L�Q�J���S�K�D�V�H�V��

T�R���J�L�Y�H���V�R�P�H���W�\�S�L�F�D�O���Y�R�O�X�P�H�V�������E�H�W�Z�H�H�Q�������������D�Q�G��������������
�I�U�H�Q�F�K�� �D�F�D�G�H�P�L�D�� �D�F�T�X�L�U�H�G�� �D�E�R�X�W�� �������������� �N�P�� �R�I �� �V�H�L�V�P�L�F��
�G�D�W�D���U�H�S�U�H�V�H�Q�W�L�Q�J�����������G�D�\�V���R�I ���F�U�X�L�V�H���������������������W�U�D�F�N���W�D�S�H�V����
�E�X�W���R�Q�O�\�����*�E���R�I ���G�D�W�D�����(�F�R�U�V���G�D�W�D���������������������������U�H�S�U�H�V�H�Q�W�V��
�D�E�R�X�W�������������������W�U�D�F�N���W�D�S�H�V��

��	 �9�D�U�L�H�W�\���R�I ���P�H�G�L�D���G�H�Y�L�F�H�V���D�Q�G���I�R�U�P�D�W�V��������

A�Q���L�P�S�R�U�W�D�Q�W���S�U�R�E�O�H�P���L�V���U�H�O�D�W�H�G���W�R���W�K�H���Y�D�U�L�H�W�\���R�I ���P�H�G�L�D��
�G�H�Y�L�F�H�V���� �%�H�I�R�U�H�� �W�K�H�� �G�L�J�L�W�D�O�� �D�U�H�D�� �W�K�L�Q�J�V�� �Z�H�U�H�� �T�X�L�W�H�� �H�D�V�\����
�U�H�F�R�U�G�V�� �Z�H�U�H�� �R�Q�� �S�D�S�H�U�� �D�Q�G���R�U�� �À�O�P�V���� �V�R�P�H�W�L�P�H�V�� �R�Q��
�P�L�F�U�R�À�O�P�V���� �7�K�H�V�H�� �P�H�G�L�D�� �K�D�Y�H�� �D�� �O�R�Q�J�� �H�[�S�H�F�W�H�G�� �O�L�I�H�W�L�P�H����
�D�Q�G���K�D�Y�H���W�K�H���D�G�Y�D�Q�W�D�J�H���R�I ���E�H�L�Q�J���K�X�P�D�Q���U�H�D�G�D�E�O�H�����6�L�Q�F�H��
�W�K�H���G�L�J�L�W�D�O���U�H�Y�R�O�X�W�L�R�Q���(�	�3���L�Q�G�X�V�W�U�\�� �W�U�L�H�G���W�R���X�V�H�G���P�H�G�L�D��
�R�I �� �E�H�V�W�� �F�D�S�D�F�L�W�\�� �D�Q�G�� �W�U�D�Q�V�I�H�U�� �V�S�H�H�G�� ���� �I�U�R�P�� �����W�U�D�F�N�V�� �R�U��
�����W�U�D�F�N�V�� �P�D�J�Q�H�W�L�F�� �W�D�S�H�V�� �W�R�� �,�%�0�� �������������������� �W�R�� ���P�P��
�'�$�7���R�U�����P�P���(�[�D�E�\�W�H�V���W�R���'�/�7���W�R���/�7�2���W�R�����������0�D�Q�\���G�D�W�D��
�D�U�H���D�O�V�R���Z�U�L�W�W�H�Q���W�H�P�S�R�U�D�U�L�O�\���R�Q���K�D�U�G���G�L�V�N�V�����P�D�L�Q�O�\���G�X�U�L�Q�J��
�S�U�R�F�H�V�V�L�Q�J���	���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���V�W�H�S�V����

T�D�S�H�� �I�R�U�P�D�W�V�� �D�U�H�� �J�H�Q�H�U�D�O�O�\�� �U�H�F�R�U�G���R�U�L�H�Q�W�H�G���� �D�Q�G��
�G�H�S�H�Q�G�L�Q�J�� �W�K�H�� �U�H�F�R�U�G�L�Q�J�� �I�R�U�P�D�W�� �V�K�R�W�V�� �D�U�H�� �L�Q�� �L�Q�G�L�Y�L�G�X�D�O��
�À�O�H�V���R�U���Q�R�W�����F�K�D�Q�Q�H�O�V���D�U�H���P�X�O�W�L�S�O�H�[�H�G���R�U���Q�R�W�����G�H�V�F�U�L�S�W�L�R�Q��
�D�Q�G���L�Q�I�R�U�P�D�W�L�Y�H���U�H�F�R�U�G�V���D�U�H���D�G�G�H�G���R�U�� �Q�R�W���� �D�Q�G���D�O�O���W�K�H�V�H��
�U�H�F�R�U�G�V���K�D�Y�H���G�L�I�I�H�U�H�Q�W���E�O�R�F�N���V�L�]�H�V�����$���V�L�P�S�O�H���F�R�S�\���W�R���G�L�V�N��
�L�V���Q�R�W���F�R�U�U�H�F�W�����W�K�H�U�H�I�R�U�H���V�R�P�H���V�S�H�F�L�À�F���I�R�U�P�D�W�V�����H���J�����7�,�)����

�7�D�S�H�� �,�Q�W�H�U�F�K�D�Q�J�H�� �)�R�U�P�D�W���� �R�U�� �5�2�'�(���� �5�H�F�R�U�G�� �2�U�L�H�Q�W�H�G��
�'�D�W�D���(�Q�F�D�S�V�X�O�D�W�L�R�Q���>���@�����Z�H�U�H���G�H�À�Q�H�G��

O�O�G�H�U�� �G�D�W�D�� �D�U�H�� �R�I�W�H�Q�� �S�R�R�U�O�\�� �V�W�R�U�H�G���� �L�Q�� �E�R�[�H�V�� �L�Q�� �D��
�F�X�S�E�R�D�U�G�� �R�U�� �R�Q�� �D�Q�� �R�I�À�F�H�� �V�K�H�O�I���� �D�Q�G�� �R�I �� �O�L�P�L�W�H�G�� �D�F�F�H�V�V����
�5�H�J�X�O�D�U�O�\���� �V�R�P�H�� �F�R�O�O�H�F�W�L�R�Q�V�� �D�U�H�� �W�K�U�R�Z�Q���� �7�K�L�Q�J�V�� �D�U�H�� �Q�R�W��
�E�H�W�W�H�U�� �Z�L�W�K�� �G�L�J�L�W�D�O�� �G�D�W�D�� �L�I �� �Q�R�� �F�R�Q�V�H�U�Y�D�W�L�Y�H�� �P�H�D�V�X�U�H�V�� �D�U�H��
�W�D�N�H�Q���� �R�O�G�H�U�� �W�D�S�H�V�� �D�U�H�� �Q�R�� �P�R�U�H�� �U�H�D�G�D�E�O�H�� �R�U�� �R�Q�O�\�� �S�D�U�W�O�\��
�D�Q�G���Z�L�W�K���G�L�I�À�F�X�O�W�L�H�V�����R�U���D�O�V�R���W�K�U�R�Z�Q���G�X�U�L�Q�J���R�I�À�F�H���P�R�Y�H�V����
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Figure 3. Geo-Seas metadata schema.
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Figure 4. Seismic Image from High Resolution Seismic Viewing Service.
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WorKFLows and scientiFic Big data 
preservation
Salima Benbernou and Mustapha Lebbah

The scienti�c data landscape is expanding rapidly in both scale and diversity.  Consequently, to handle the scalability 
of data generation, it is needed a scalable processing methods for managing and analysing the data. The work�ow are 
widely recognised as a useful paradigm to describe, manage, and share complex scienti�c analyses, simulations and 
experiments. However, the long term preservation of scienti�c work�ow and the methods used for executing it faces 
challenges due to the vulnerability and volatility of data and services required for its execution. Changes can be made 
in the work�ow environment because Web services may evolve over the time.  Consequently, it will alter the original 
work�ow and hinder the reusability of output  from work�ow execution. In this chapter we will give an overview of 
scienti�c work�ow and present some challenges and analysis methods for long term data preservation.

Data preservation: representation
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Scienti�c work�ow and preservation: 

challenges 
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Figure 1.  An example of scienti�c work�ow (borrowed from [2]).
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This article  presents some conceptual and implementation CCSDS –Consultative Committee for Space Data Systems- 
standards for long term archiving. It focuses on the most recent one, the Producer Archive Interface Speci�cation 
(PAIS) standard. This standard, currently available as a draft on the CCSDS web site, will be published by the beginning 
of 2014. It will enable the Producer to share with the Archive a suf�ciently precise and unambiguous formal de�nition 
of the Digital Objects to be produced and transferred, by means of a model. It will also enable a precise de�nition of 
the packaging of these objects in the form of Submission Information Packages (SIPs), including the order in which 
they should be transferred. ( Invited contribution )

Long term archiving and CCSDS 
standards
Danièle Boucon  

Context for space scienti�c data
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Figure 1. Example of Transfer.
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  Figure 2. Typical steps driving a PAIS Producer-Archive Project de�nition.
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Figure 3. PAIS, preservation process and data lifecycle.

T�K�H���S�U�H�Y�L�R�X�V�O�\���F�L�W�H�G���V�W�D�Q�G�D�U�G�V���D�U�H���X�V�H�G���D�W���G�L�I�I�H�U�H�Q�W���V�W�H�S�V��
�R�I �� �D�� �G�D�W�D�� �S�U�H�V�H�U�Y�D�W�L�R�Q�� �S�U�R�F�H�V�V���� �H�L�W�K�H�U�� �R�Q�� �W�K�H�� �3�U�R�G�X�F�H�U��
�V�L�G�H���R�U���R�Q���W�K�H���$�U�F�K�L�Y�H���V�L�G�H�����7�K�H���G�D�W�D���O�L�I�H�F�\�F�O�H���L�V���F�R�Y�H�U�H�G��
�E�\�� �W�K�H�� ���� �P�D�L�Q�� �S�K�D�V�H�V���� �S�U�H�S�D�U�D�W�L�R�Q�� �I�R�U�� �G�D�W�D�� �S�U�R�G�X�F�W�L�R�Q����
�G�D�W�D�� �S�U�R�G�X�F�W�L�R�Q�� ���J�H�Q�H�U�D�O�O�\�� �E�H�J�L�Q�Q�L�Q�J�� �Z�L�W�K�� �W�K�H�� �V�D�W�H�O�O�L�W�H��
�O�D�X�Q�F�K�������D�Q�G���G�D�W�D���S�U�H�V�H�U�Y�D�W�L�R�Q��

F�L�J�X�U�H������ �L�V�� �D�� �K�L�J�K�� �O�H�Y�H�O���Y�L�H�Z���R�I �� �W�K�H���G�D�W�D���O�L�I�H�F�\�F�O�H������ �,�W���L�V��
�U�H�F�R�P�P�H�Q�G�H�G���W�K�D�W���D���G�D�W�D���S�U�H�V�H�U�Y�D�W�L�R�Q���S�O�D�Q���E�H���S�U�H�S�D�U�H�G��
�H�D�U�O�\�� �L�Q�� �W�K�H�� �G�D�W�D�� �O�L�I�H�F�\�F�O�H���� �U�D�W�K�H�U�� �W�K�D�Q�� �D�W�� �W�K�H�� �S�R�L�Q�W�� �R�I ��
�Z�L�W�K�G�U�D�Z�D�O���I�U�R�P���D�F�W�L�Y�H���V�\�V�W�H�P�V�����'�X�U�L�Q�J���W�K�H���S�U�R�G�X�F�W�L�R�Q����
�G�D�W�D�� �D�U�H�� �F�U�H�D�W�H�G�� �I�U�R�P�� �D�� �F�R�O�O�H�F�W�L�R�Q�� �R�I �� �G�D�W�D�� ���I�R�U�� �H�[�D�P�S�O�H��
�U�D�Z���G�D�W�D���Z�L�W�K���R�U�E�L�W���G�D�W�D���D�Q�G���R�W�K�H�U���S�D�U�D�P�H�W�H�U�V�������S�U�R�F�H�V�V�H�G����
�V�W�R�U�H�G�� �L�Q�� �W�K�H�� �P�L�V�V�L�R�Q�� �D�U�F�K�L�Y�H���� �D�Q�G�� �D�F�F�R�U�G�L�Q�J�� �W�R�� �O�H�J�D�O��
�F�R�Q�V�W�U�D�L�Q�W�V�����W�K�H�\���D�U�H���S�X�E�O�L�V�K�H�G�����2�Q�F�H���W�K�H�\���D�U�H���V�W�D�E�L�O�L�]�H�G��
�D�Q�G�� �K�D�Y�H�� �E�H�H�Q�� �Y�D�O�L�G�D�W�H�G���� �W�K�H�� �G�D�W�D�� �L�W�H�P�V�� �S�O�D�Q�Q�H�G�� �W�R�� �E�H��
�S�U�H�V�H�U�Y�H�G�� �P�D�\�� �E�H�� �W�U�D�Q�V�I�H�U�U�H�G�� �W�R�� �W�K�H�� �O�R�Q�J�� �W�H�U�P�� �D�U�F�K�L�Y�H����
�7�K�H���W�U�H�D�W�P�H�Q�W�V���L�Q���W�K�L�V���S�K�D�V�H���P�D�\���E�H���F�R�Q�Y�H�U�V�L�R�Q�V���W�R���R�W�K�H�U��
�I�R�U�P�D�W�V���I�R�U���H�[�D�P�S�O�H����

I �Q���W�K�L�V���V�F�K�H�P�D�����W�K�H���3�$�,�6���)�R�U�P�D�O���'�H�À�Q�L�W�L�R�Q���S�K�D�V�H���W�D�N�H�V��
�S�O�D�F�H���G�X�U�L�Q�J���W�K�H���S�U�H�S�D�U�D�W�L�R�Q���R�I ���W�K�H���S�U�H�V�H�U�Y�D�W�L�R�Q�����P�R�G�H�O��
�R�I ���W�K�H���R�E�M�H�F�W�V���W�R���E�H���W�U�D�Q�V�I�H�U�U�H�G�����6�,�3�V���V�S�H�F�L�À�F�D�W�L�R�Q�������Z�K�L�O�H��
�W�K�H���7�U�D�Q�V�I�H�U���D�Q�G���9�D�O�L�G�D�W�L�R�Q���S�K�D�V�H�V���D�U�H���W�K�H���À�U�V�W���V�W�H�S�V���R�I ��
�G�D�W�D���S�U�H�V�H�U�Y�D�W�L�R�Q�����7�K�H���O�D�V�W���V�W�H�S���L�V���W�K�H���D�U�F�K�L�Y�H���P�D�L�Q�W�H�Q�D�Q�F�H��
�L�Q�� �R�U�G�H�U�� �W�K�D�Q�� �W�K�H�� �G�D�W�D�� �U�H�P�D�L�Q�� �X�V�D�E�O�H�� �R�Q�� �W�K�H�� �O�R�Q�J�� �W�H�U�P����
�H�Y�H�Q���L�I ���W�K�H���X�V�H�U���F�R�P�P�X�Q�L�W�\���R�U���W�K�H���V�\�V�W�H�P�V���H�Y�R�O�Y�H��

A�O�O���W�K�L�V���V�K�R�X�O�G���E�H���G�H�À�Q�H�G���L�Q���W�K�H���I�X�W�X�U�H���&�&�6�'�6���S�U�R�M�H�F�W��
�R�Q���'�D�W�D���3�U�H�V�H�U�Y�D�W�L�R�Q���3�U�R�F�H�V�V�����,�W�V���S�X�U�S�R�V�H���L�V���W�R���S�U�R�Y�L�G�H��
�D�� �V�W�D�Q�G�D�U�G�� �P�H�W�K�R�G�� �V�W�U�X�F�W�X�U�H�G�� �D�V�� �D�� �F�R�P�S�O�H�W�H�� �S�U�R�F�H�V�V�� �W�R��
�I�R�U�P�D�O�O�\�� �G�H�À�Q�H�� �W�K�H�� �V�W�H�S�V�� �D�Q�G�� �W�K�H�� �D�V�V�R�F�L�D�W�H�G�� �D�F�W�L�Y�L�W�L�H�V��
�U�H�T�X�L�U�H�G�� �W�R�� �S�U�H�V�H�U�Y�H�� �G�L�J�L�W�D�O�� �L�Q�I�R�U�P�D�W�L�R�Q�� �R�E�M�H�F�W�V���� �7�K�H��
�S�U�R�F�H�V�V�� �W�K�X�V�� �G�H�À�Q�H�G�� �D�O�R�Q�J�� �Z�L�W�K�� �W�K�H�� �D�F�W�L�Y�L�W�L�H�V���� �L�V�� �O�L�Q�N�H�G��
�Z�L�W�K���W�K�H���G�D�W�D���O�L�I�H�F�\�F�O�H�����7�K�L�V���S�U�R�M�H�F�W���L�V���S�O�D�Q�Q�H�G���W�R���E�H�J�L�Q���L�Q��
�-�D�Q�X�D�U�\������������

Conclusion

T�K�H�� �&�&�6�'�6�� �V�W�D�Q�G�D�U�G�V�� �S�U�R�Y�L�G�H�� �P�H�W�K�R�G�V���� �F�R�Q�F�H�S�W�V�� �D�Q�G��
�L�P�S�O�H�P�H�Q�W�D�W�L�R�Q�� �I�R�U�� �O�R�Q�J�� �W�H�U�P�� �D�U�F�K�L�Y�L�Q�J���� �$�P�R�Q�J�� �W�K�H�P����
�W�K�H�� �3�$�,�6�� �S�U�R�Y�L�G�H�V�� �D�Q�� �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q�� �W�R�� �K�H�O�S�� �L�Q�� �W�K�H��
�Q�H�J�R�W�L�D�W�L�R�Q�� �E�H�W�Z�H�H�Q�� �W�K�H�� �3�U�R�G�X�F�H�U�� �D�Q�G�� �W�K�H�� �$�U�F�K�L�Y�H���� �L�Q��
�W�K�H���D�X�W�R�P�D�W�L�R�Q���D�Q�G���P�D�Q�D�J�H�P�H�Q�W���R�I ���W�K�H���W�U�D�Q�V�I�H�U���D�Q�G���L�Q��
�Y�D�O�L�G�D�W�L�R�Q���R�I ���W�K�H���'�L�J�L�W�D�O���2�E�M�H�F�W�V���E�\���D�Q���$�U�F�K�L�Y�H�����,�W���V�K�R�X�O�G��
�E�H�� �S�X�E�O�L�V�K�H�G���D�V�� �D�� �&�&�6�'�6�� �V�W�D�Q�G�D�U�G���L�Q�� �W�K�H���E�H�J�L�Q�Q�L�Q�J�� �R�I ��
���������� �D�Q�G�� �V�K�R�X�O�G�� �E�H�F�R�P�H�� �D�Q�� �,�6�2�� �V�W�D�Q�G�D�U�G�� �O�D�W�H�U�� �L�Q�� �W�K�H��
�V�D�P�H�� �\�H�D�U���� �7�K�H�� �X�V�H�� �R�I �� �W�K�H�V�H�� �V�W�D�Q�G�D�U�G�V�� �V�K�R�X�O�G�� �S�U�R�Y�L�G�H��
�E�H�W�W�H�U�� �T�X�D�O�L�W�\�� �I�R�U�� �D�U�F�K�L�Y�H�G�� �G�D�W�D���� �D�Q�G�� �V�K�R�X�O�G�� �U�H�G�X�F�H�� �W�K�H��
�F�R�V�W���R�I ���W�K�H���R�S�H�U�D�W�L�R�Q��

�5�H�I�H�U�H�Q�F�H�V
[1] ���5�H�I�H�U�H�Q�F�H���0�R�G�H�O���I�R�U���D�Q���2�S�H�Q���$�U�F�K�L�Y�H���,�Q�I�R�U�P�D�W�L�R�Q��
�6�\�V�W�H�P�� ���2�$�,�6������ �5�H�F�R�P�P�H�Q�G�D�W�L�R�Q�� �I�R�U�� �6�S�D�F�H�� �'�D�W�D��
�6�\�V�W�H�P�V�� �6�W�D�Q�G�D�U�G�V���� �&�&�6�'�6�� �������������0�������� �0�D�J�H�Q�W�D�� �%�R�R�N����
�,�V�V�X�H���������0�D�\���������������>�(�T�X�L�Y�D�O�H�Q�W���W�R���,�6�2�����������������������@��
[2] �3�U�R�G�X�F�H�U�� �$�U�F�K�L�Y�H�� �,�Q�W�H�U�I�D�F�H�� �6�S�H�F�L�À�F�D�W�L�R�Q���� �W�K�H�� �Q�H�Z��
�&�&�6�'�6���V�W�D�Q�G�D�U�G���I�R�U���P�R�G�H�O�L�Q�J���W�K�H���G�D�W�D���W�R���E�H���W�U�D�Q�V�I�H�U�U�H�G��
�W�R���� �D�Q�G�� �Y�D�O�L�G�D�W�H�G�� �E�\���� �D�Q�� �$�U�F�K�L�Y�H���� �3�9�� ������������ �'�D�Q�L�q�O�H��
�%�R�X�F�R�Q���� �K�W�W�S�������Z�Z�Z���F�R�Q�J�U�H�[�S�U�R�M�H�F�W�V���F�R�P������������
�H�Y�H�Q�W�V���S�Y�����������Z�H�O�F�R�P�H

Contact

Danièle Boucon - daniele.boucon@cnes.fr 
Centre National d’Etudes Spatiales CNES
Centre spatial de Toulouse



I 39

CLoUd and grid methodoLogies For data 
management and preservation
Christophe Cérin, Mustapha Lebbah, Hanane Azzag

As data sets are being generated at exponential rate all over the world whatever the disciplinary �eld (science, 
engineering, commercial), Big Data has become a Big issue for everybody. While IT organizations are capturing more 
and more data than ever, they have to rethink about and �gure out what to keep for a long time and what to permanently 
archive.  Moreover, the meaning to give to data can be obtained through novel and evolving algorithms, analytic 
techniques, and innovative and effective use of hardware and software platforms. In this contribution we investigate 
the coupling between Grid and Cloud architectures as well as the impact of machine learning on programming 
languages for harnessing the data, discovering hidden patterns, and using newly acquired knowledge that has to be 
preserved. We do not consider only the archive stage but examine the life cycle of data as a whole; one of the last 
effort is to decide what we need to preserve.

The landscape
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Figure1. Our approach overview: The user utilizes web interface to (a) 
interact with SlapOS master; (b) deploy data transfer tools (Stork) to move 
data from remote grid storage to SlapOS (c) Share data inside SlapOS 
cloud and (d) perform simulations (or a speci�c processing) on data 
already published.
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�W�R�� �F�U�H�D�W�H�� �W�Z�R�� �R�S�H�Q���V�R�X�U�F�H�� �E�L�R�L�Q�I�R�U�P�D�W�L�F�V�� �D�S�S�O�L�F�D�W�L�R�Q�V��
�D�Q�G���W�R���H�[�S�O�R�U�H���0�D�S�5�H�G�X�F�H���I�R�U���F�O�X�V�W�H�U�L�Q�J���W�D�V�N��

I �Q�� �R�X�U�� �F�D�V�H���� �Z�H�� �X�V�H�� �D�Q�R�W�K�H�U�� �H�P�H�U�J�L�Q�J�� �R�S�H�Q���V�R�X�U�F�H��
�L�P�S�O�H�P�H�Q�W�D�W�L�R�Q�� �Q�D�P�H�G�� �6�S�D�U�N�� ���K�W�W�S�������V�S�D�U�N���S�U�R�M�H�F�W��
�R�U�J�������� �Z�K�L�F�K�� �L�V�� �D�G�D�S�W�H�G�� �W�R�� �P�D�F�K�L�Q�H�� �O�H�D�U�Q�L�Q�J�� �D�O�J�R�U�L�W�K�P�V��
�D�Q�G�� �V�X�S�S�R�U�W�V�� �D�S�S�O�L�F�D�W�L�R�Q�V�� �Z�L�W�K�� �Z�R�U�N�L�Q�J�� �V�H�W�V�� �Z�K�L�O�H��
�S�U�R�Y�L�G�L�Q�J���V�L�P�L�O�D�U���V�F�D�O�D�E�L�O�L�W�\���D�Q�G���I�D�X�O�W���W�R�O�H�U�D�Q�F�H���S�U�R�S�H�U�W�L�H�V��
�W�R�� �0�D�S�5�H�G�X�F�H���� �� �7�K�H�� �P�D�L�Q�� �T�X�H�V�W�L�R�Q�V�� �D�U�H�� ���D���� �K�R�Z�� �W�R��
�P�L�Q�L�P�L�]�H�� �W�K�H�� �,���2�� �F�R�V�W���� �W�D�N�L�Q�J�� �L�Q�W�R�� �D�F�F�R�X�Q�W�� �W�K�H�� �D�O�U�H�D�G�\��
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�H�[�L�V�W�L�Q�J�� �G�D�W�D�� �S�D�U�W�L�W�L�R�Q�� ���H���J������ �R�Q�� �G�L�V�N�V������ �D�Q�G�� ���E���� �K�R�Z�� �W�R��
�P�L�Q�L�P�L�]�H���W�K�H���Q�H�W�Z�R�U�N�L�Q�J���F�R�V�W���D�P�R�Q�J���S�U�R�F�H�V�V�L�Q�J���Q�R�G�H�V��

Conclusion

I�Q���V�R�P�H���Z�D�\�����Z�H���E�H�O�L�H�Y�H���W�K�D�W���Z�H���H�Q�W�H�U���W�R���D���S�R�V�W���H�U�D���Z�K�H�U�H��
�F�R�U�H�V���&�3�8���1�R�G�H�V�� �D�U�H�� �X�Q�O�L�P�L�W�H�G�� �L�Q�� �Q�X�P�E�H�U�� �D�V�� �Z�H�O�O�� �D�V��
�V�W�R�U�D�J�H���� �:�H�� �Q�H�H�G�� �W�R�� �S�D�\�� �D�W�W�H�Q�W�L�R�Q�� �Z�K�H�U�H�� �W�K�H�� �G�D�W�D�� �D�U�H��
�V�W�R�U�H�G�� ���� �Z�H�� �K�R�S�H�� �W�K�D�W�� �E�L�J�� �F�R�P�S�D�Q�L�H�V�� �Z�L�O�O�� �Q�R�W�� �F�D�S�W�X�U�H��
���D�O�O���� �W�K�H�� �P�D�U�N�H�W�V�� �U�H�O�D�W�H�G�� �W�R�� �G�D�W�D���� �:�H�� �D�O�V�R�� �Q�H�H�G�� �W�R�� �S�D�\��
�D�W�W�H�Q�W�L�R�Q���W�R���W�K�H���X�V�H�U���D�Q�G���P�D�N�H���V�X�U�H���W�K�D�W���K�H���Z�L�O�O���E�H���D�E�O�H��
�W�R�� �L�P�D�J�L�Q�H�� �D�Q�G�� �G�H�S�O�R�\�� �H�[�S�H�U�L�P�H�Q�W�D�O�� �V�F�H�Q�D�U�L�R�V�� �R�Q�� �O�D�U�J�H��
�V�F�D�O�H�� �G�L�V�W�U�L�E�X�W�H�G�� �L�Q�I�U�D�V�W�U�X�F�W�X�U�H�V�� �L�Q�� �D�� �V�L�P�S�O�H�� �D�Q�G�� �Q�D�W�X�U�D�O��
�P�D�Q�Q�H�U���� �,�W���L�V���D���Q�H�F�H�V�V�D�U�\�� �F�R�Q�G�L�W�L�R�Q���I�R�U���W�K�H���D�G�R�S�W�L�R�Q���R�I ��
�W�K�H���Q�H�Z���S�D�U�D�G�L�J�P�V�����E�R�W�K���D�U�F�K�L�W�H�F�W�X�U�D�O���D�Q�G���S�U�R�J�U�D�P�P�L�Q�J��
�S�D�U�D�G�L�J�P�V���� �E�\�� �O�D�U�J�H�� �F�R�P�P�X�Q�L�W�L�H�V�� �R�I �� �X�V�H�U�V���� �L�Q�� �S�D�U�W�L�F�X�O�D�U��
�W�K�R�V�H���W�K�D�W�����R�Q�H���G�D�\�����G�H�F�L�G�H���W�R���S�U�H�V�H�U�Y�H���R�Q�H���S�D�U�W���R�I ���G�D�W�D��
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ScientiFic Data Preservation, Copyright 
and Open Science
Philippe Mouron

The purpose of this paper is to sum up the terms of a discussion about the legal aspects of scienti�c data preservation. 
This discussion was presented at the Marseille workshop organized on November 14th. This paper is only a basis for 
forthcoming works about the main project of preserving scienti�c data (PREDONx). The paper is focused on intellectual 
property rights, such as copyright or patent, and their effect on the use of scienti�c data. Open Science appears to be 
the best way to ensure the preservation, but also the publication, of scienti�c data.

T�K�H�� �X�V�H�� �R�I �� �L�Q�I�R�U�P�D�W�L�R�Q�� �W�H�F�K�Q�R�O�R�J�L�H�V�� �K�D�V�� �V�L�J�Q�L�À�F�D�Q�W�O�\��
�L�P�S�U�R�Y�H�G�� �W�K�H�� �S�U�H�V�H�U�Y�D�W�L�R�Q�� �R�I �� �V�F�L�H�Q�W�L�À�F�� �G�D�W�D���� �7�K�H��
�G�H�Y�H�O�R�S�P�H�Q�W���D�Q�G���Q�H�W�Z�R�U�N�L�Q�J���R�I ���G�L�J�L�W�D�O���V�W�R�U�D�J�H���V�S�D�F�H�V���F�D�Q��
�H�Q�V�X�U�H���W�K�H���L�Q�W�H�J�U�L�W�\���R�I ���W�K�H�V�H���G�D�W�D�����D�V���Z�H�O�O���D�V���W�K�H�L�U���D�F�F�H�V�V��
�W�R���W�K�H���U�H�V�H�D�U�F�K�H�U�V���L�Q�W�H�U�H�V�W�H�G���L�Q���W�K�H���U�H�V�X�O�W�V���R�I ���W�K�H���V�F�L�H�Q�W�L�À�F��
�U�H�V�H�D�U�F�K�����+�R�Z�H�Y�H�U�����W�K�H���Z�L�O�O���R�I ���S�U�H�V�H�U�Y�L�Q�J���V�F�L�H�Q�W�L�À�F���G�D�W�D��
�R�Q���D���O�R�Q�J���W�H�U�P���L�V���Q�R�W���V�R���Q�H�Z�����7�K�H���Z�R�U�N���D�U�F�K�L�Y�L�Q�J���S�R�O�L�F�\��
�K�D�V�� �L�Q�� �I�D�F�W�� �D�O�Z�D�\�V�� �H�[�L�V�W�H�G�� �E�X�W�� �R�Q�O�\�� �I�R�U�� �W�D�Q�J�L�E�O�H�� �I�R�U�P�D�W�V��
���S�D�S�H�U���� �V�D�P�S�O�H�V�������������� �+�R�Z�H�Y�H�U���� �W�K�H�� �S�K�\�V�L�F�D�O�� �V�L�]�H�� �R�I �� �W�K�H��
�D�U�F�K�L�Y�H�V�� �L�V�� �Q�R�W�� �L�Q�À�Q�L�W�H�O�\�� �H�[�S�D�Q�G�D�E�O�H���� �7�K�L�V�� �O�L�P�L�W�� �F�R�X�O�G��
�M�H�R�S�D�U�G�L�]�H�� �W�K�H�L�U�� �S�U�H�V�H�U�Y�D�W�L�R�Q���� �E�H�F�D�X�V�H�� �L�W�� �L�P�S�O�L�H�V�� �W�K�H��
�Q�H�F�H�V�V�L�W�\���W�R���V�H�O�H�F�W���G�D�W�D���Z�K�L�F�K���D�U�H���J�R�L�Q�J���W�R���E�H���S�U�H�V�H�U�Y�H�G����
�7�K�R�V�H���Z�K�L�F�K���U�H�P�D�L�Q���D�U�H���P�R�V�W�O�\���O�R�V�W�����0�R�U�H�R�Y�H�U�����W�K�H���D�F�F�H�V�V��
�W�R���W�K�H�V�H���G�D�W�D���L�V���O�L�P�L�W�H�G���L�Q���U�H�J�D�U�G���W�R���W�K�H���V�F�D�U�F�L�W�\���R�I ���F�R�S�L�H�V��
�D�Q�G���W�K�H���F�R�V�W���R�I ���W�K�H�L�U���S�X�E�O�L�F���U�H�O�H�D�V�H�����0�R�G�H�U�Q���W�H�F�K�Q�R�O�R�J�L�H�V��
�K�D�Y�H�� �W�K�H�U�H�I�R�U�H�� �E�H�H�Q�� �U�H�P�H�G�L�H�G�� �W�K�H�V�H�� �G�L�V�D�G�Y�D�Q�W�D�J�H�V���� �E�X�W��
�D�O�V�R���P�R�Y�H�G���W�K�H���K�H�D�U�W���R�I ���W�K�H���S�U�R�E�O�H�P���R�Q���D�Q�R�W�K�H�U���J�U�R�X�Q�G����
�7�K�X�V���� �L�W�� �L�V�� �O�H�V�V�� �D�� �T�X�H�V�W�L�R�Q�� �R�I �� �S�U�H�V�H�U�Y�L�Q�J�� �W�K�D�Q�� �J�L�Y�L�Q�J��
�D�F�F�H�V�V���W�R���G�D�W�D���W�K�D�W���D�U�L�V�H�V�����&�R�Q�V�H�U�Y�D�W�L�R�Q���L�V���À�Q�D�O�L�]�H�G���E�\���W�K�H��
�S�X�U�S�R�V�H�V�� �R�I �� �U�H�V�H�D�U�F�K���� �L�Q�Y�R�O�Y�L�Q�J�� �S�R�R�O�L�Q�J�� �R�I �� �Z�R�U�N�V�� �D�Q�G��
�V�K�D�U�L�Q�J���W�K�H�L�U���U�H�V�X�O�W�V��

H�R�Z�H�Y�H�U���� �W�K�L�V�� �S�R�L�Q�W�� �O�H�D�G�V�� �W�R�� �O�H�J�D�O�� �F�R�Q�V�L�G�H�U�D�W�L�R�Q�V���� �)�R�U��
�O�D�Z�\�H�U�V���� �¶�3�U�H�V�H�U�Y�D�W�L�R�Q�·�� �P�H�D�Q�V�� �¶�U�H�V�H�U�Y�D�W�L�R�Q�·���� �7�K�H�� �E�H�V�W��
�J�X�D�U�D�Q�W�H�H���I�R�U���H�Q�V�X�U�L�Q�J���W�K�H���L�Q�W�H�J�U�L�W�\���R�I ���D���U�H�V�R�X�U�F�H���L�V���E�D�V�H�G��
�R�Q�� �S�U�R�S�H�U�W�\���� �$�I�I�H�F�W�L�Q�J�� �D�� �S�U�R�S�H�U�W�\�� �U�L�J�K�W�� �W�R�� �W�D�Q�J�L�E�O�H�� �D�Q�G��
�L�Q�W�D�Q�J�L�E�O�H���W�K�L�Q�J�V���W�H�Q�G�V���W�R���R�S�W�L�P�L�]�H���W�K�H�L�U���F�R�Q�V�H�U�Y�D�W�L�R�Q���D�Q�G��
�H�V�S�H�F�L�D�O�O�\���W�K�H�L�U���H�[�S�O�R�L�W�D�W�L�R�Q�����7�K�H�V�H���U�H�V�X�O�W�V���V�H�H�P���H�D�V�L�H�V�W���W�R��
�R�E�W�D�L�Q���Z�L�W�K���D���S�U�L�Y�D�W�H���R�Z�Q�H�U�V�K�L�S���P�R�G�H�O�����+�L�V�W�R�U�L�F�D�O�O�\���� �W�K�H��
�H�Q�K�D�Q�F�H�P�H�Q�W���R�I ���W�D�Q�J�L�E�O�H���J�R�R�G�V���Z�D�V���S�O�D�F�H�G���L�Q�W�R���W�K�H���I�R�O�G��
�R�I ���W�K�L�V���P�R�G�H�O�����I�R�U���U�H�D�V�R�Q�V���R�I ���H�I�À�F�L�H�Q�F�\�����7�K�H���V�D�P�H���U�H�D�V�R�Q�V��
�K�D�Y�H���S�X�V�K�H�G���W�R���D�I�I�H�F�W���W�K�H���U�H�V�X�O�W�V���R�I ���W�K�H���V�F�L�H�Q�W�L�À�F���Z�R�U�N���R�I ��
�L�Q�W�H�O�O�H�F�W�X�D�O���S�U�R�S�H�U�W�\���U�L�J�K�W�V�����7�K�D�W�·�V���Z�K�\���F�R�S�\�U�L�J�K�W���O�D�Z���D�Q�G��
�S�D�W�H�Q�W�� �O�D�Z�� �D�U�H�� �V�X�F�K�� �P�R�E�L�O�L�]�H�G�� �L�Q�� �W�K�H�� �À�H�O�G�� �R�I �� �U�H�V�H�D�U�F�K����
�7�K�L�V���Z�D�V���W�K�H���V�X�E�M�H�F�W���R�I ���D���Y�H�U�\���U�H�F�H�Q�W���D�F�W���L�Q���)�U�D�Q�F�H�����Z�K�L�F�K��
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H�R�Z�H�Y�H�U���� �L�V�Q�·�W�� �W�K�H�U�H�� �D�� �S�X�E�O�L�F�� �R�Z�Q�H�U�V�K�L�S�� �R�I �� �V�F�L�H�Q�W�L�À�F��
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Storage technoLogy For data 
preservation
Jean-Yves Nief

Preservation of scienti�c data aims at storing data for many years or even decades. This is a challenge as hardware 
and software technologies are changing at a high rate with respect to the time scale involved in data preservation. 
Moreover, scienti�c data can be preserved in a distributed and heterogeneous environment involving several data 
centers. Storage and data policy virtualizations are strongly needed in such an environment, in order to achieve 
this endeavor. We will show that iRODS middleware can provide a suitable solution to the data storage and policy 
virtualization.

Storage challenges for data 

preservation
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�D�S�S�O�L�F�D�W�L�R�Q�V�� �Z�L�O�O�� �U�H�T�X�L�U�H�� �W�K�D�W�� �P�H�G�L�F�D�O�� �U�H�F�R�U�G�V�� �D�U�H�� �N�H�S�W��
�D�Q�R�Q�\�P�R�X�V���� �'�R�F�X�P�H�Q�W�V�� �V�W�R�U�H�G�� �L�Q�� �G�L�J�L�W�D�O�� �O�L�E�U�D�U�L�H�V�� �P�D�\��
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���V�X�F�K�� �D�V�� �D�V�W�U�R�S�K�\�V�L�F�V�� �D�Q�G�� �H�Y�H�Q�� �K�L�J�K�� �H�Q�H�U�J�\�� �S�K�\�V�L�F�V������
�V�F�L�H�Q�W�L�À�F���G�D�W�D���F�D�Q���E�H���D�Y�D�L�O�D�E�O�H���L�Q���R�S�H�Q���D�F�F�H�V�V���P�R�G�H���D�I�W�H�U��
�D���F�H�U�W�D�L�Q���W�L�P�H�����,�Q���D�Q�\���F�D�V�H�����'�X�E�O�L�Q���F�R�U�H���P�H�W�D�G�D�W�D���R�U���R�W�K�H�U��
�N�L�Q�G�� �R�I �� �P�H�W�D�G�D�W�D�� �Z�L�O�O�� �E�H�� �D�W�W�D�F�K�H�G�� �W�R�� �W�K�H�� �G�D�W�D�� �L�Q�� �R�U�G�H�U��
�W�R�� �N�H�H�S�� �X�V�H�I�X�O�� �L�Q�I�R�U�P�D�W�L�R�Q�� �R�Q�� �S�U�H�V�H�U�Y�H�G�� �G�D�W�D�� �V�X�F�K�� �D�V��
�G�D�W�D�� �S�U�R�Y�H�Q�D�Q�F�H���� �F�K�H�F�N�V�X�P�� ���I�R�U�� �G�D�W�D�� �L�Q�W�H�J�U�L�W�\�� �F�K�H�F�N�V������
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A�O�V�R���� �H�D�F�K�� �G�D�W�D�� �F�H�Q�W�H�U�� �U�H�O�L�H�V�� �X�S�R�Q�� �L�W�V�� �R�Z�Q�� �V�H�W�� �R�I ��
�W�H�F�K�Q�R�O�R�J�L�H�V���I�R�U���G�D�W�D���V�W�R�U�D�J�H�����À�O�H���V�\�V�W�H�P�V�����P�D�V�V���V�W�R�U�D�J�H��
�V�\�V�W�H�P�V���� �S�U�R�S�U�L�H�W�D�U�\�� �R�U�� �K�R�P�H�J�U�R�Z�Q�� �V�W�R�U�D�J�H�� �V�R�O�X�W�L�R�Q�V��
�H�W�F�«�������6�W�R�U�D�J�H���P�H�G�L�D���F�D�Q���E�H���K�D�U�G���G�U�L�Y�H���G�L�V�N�V�����6�6�'�����W�D�S�H�V����
�7�K�H���V�W�R�U�H�G���G�D�W�D���P�D�\���K�D�Y�H���W�R���E�H���P�L�J�U�D�W�H�G���W�R���Q�H�Z���V�W�R�U�D�J�H��
�P�H�G�L�D�� �V�H�Y�H�U�D�O�� �W�L�P�H�V�� �G�X�U�L�Q�J�� �W�K�H�L�U�� �O�L�I�H�W�L�P�H���� �1�X�P�H�U�R�X�V��
�R�S�H�U�D�W�L�Q�J�� �V�\�V�W�H�P�V�� �F�D�Q�� �E�H�� �X�V�H�G�� �E�R�W�K�� �R�Q�� �W�K�H�� �V�H�U�Y�H�U�� �D�Q�G��
�W�K�H�� �F�O�L�H�Q�W�� �V�L�G�H�V���� �+�H�Q�F�H���� �W�K�H�� �H�F�R�V�\�V�W�H�P�� �R�Q�� �Z�K�L�F�K�� �G�D�W�D��
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M�R�U�H�R�Y�H�U���G�D�W�D���F�D�Q���E�H���V�W�R�U�H�G���L�Q���Y�D�U�L�R�X�V���I�R�U�P�D�W�V���� �L�W���F�D�Q��
�E�H���Á�D�W���À�O�H�V�����G�D�W�D�E�D�V�H�V�����G�D�W�D���V�W�U�H�D�P�V�����D�Q�\���N�L�Q�G���R�I ���V�W�D�Q�G�D�U�G��
�R�U���K�R�P�H�P�D�G�H���À�O�H���I�R�U�P�D�W�V�����7�K�H�V�H���À�O�H���I�R�U�P�D�W�V���P�D�\���H�Y�R�O�Y�H��
���D�Q�G�� �V�R�P�H�W�L�P�H�V�� �G�L�V�D�S�S�H�D�U���� �L�Q�� �W�K�H�� �I�X�W�X�U�H���� �+�H�Q�F�H�� �À�O�H��
�I�R�U�P�D�W�� �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�� �L�V�� �S�D�U�W�� �R�I �� �W�K�H�� �G�D�W�D�� �S�U�H�V�H�U�Y�D�W�L�R�Q��
�S�U�R�F�H�V�V���� �6�W�R�U�D�J�H�� �V�\�V�W�H�P�V�� �L�Q�Y�R�O�Y�H�G�� �P�X�V�W�� �W�D�N�H�� �W�K�L�V�� �Q�H�H�G��
�L�Q�W�R�� �D�F�F�R�X�Q�W���� �U�H�D�G�� �D�F�F�H�V�V�� �V�K�R�X�O�G�� �E�H�� �V�F�D�O�H�G�� �S�U�R�S�H�U�O�\�� �L�Q��
�R�U�G�H�U���W�R���S�U�R�F�H�H�G���W�R���W�K�H���U�H�S�U�R�F�H�V�V�L�Q�J���R�I ���W�K�H���G�D�W�D����

A�G�G�L�W�L�R�Q�D�O�O�\���� �L�Q�� �R�U�G�H�U�� �W�R�� �L�Q�V�X�U�H�� �V�D�I�H�W�\�� �D�Q�G�� �F�R�Q�V�L�V�W�H�Q�F�\��
�L�Q�� �W�L�P�H���� �G�D�W�D�� �V�K�R�X�O�G�� �E�H�� �U�H�S�O�L�F�D�W�H�G�� �R�Q�� �V�H�Y�H�U�D�O�� �P�H�G�L�D�� �R�U��
�V�W�R�U�D�J�H���V�\�V�W�H�P�V���D�V���Z�H�O�O���D�V���L�Q���G�L�I�I�H�U�H�Q�W���G�D�W�D���F�H�Q�W�H�U�V��

Towards storage data and data policy 

virtualization

B�D�V�H�G���R�Q���D�O�O���W�K�H���D�E�R�Y�H���F�R�Q�V�W�U�D�L�Q�W�V�����L�W���D�S�S�H�D�U�V���W�K�D�W���W�K�H�U�H���L�V��
�D���F�O�H�D�U���Q�H�H�G���I�R�U���V�W�R�U�D�J�H���Y�L�U�W�X�D�O�L�]�D�W�L�R�Q�����L�Q���R�U�G�H�U���W�R���S�U�R�Y�L�G�H��
�D���X�Q�L�T�X�H���O�R�J�L�F�D�O���Y�L�H�Z���R�I ���W�K�H���G�D�W�D���D�Q�G���R�I ���L�W�V���R�U�J�D�Q�L�]�D�W�L�R�Q����
�7�K�L�V�� �O�R�J�L�F�D�O�� �Y�L�H�Z�� �V�K�R�X�O�G�� �E�H�� �W�R�W�D�O�O�\�� �L�Q�G�H�S�H�Q�G�H�Q�W�� �R�Q�� �W�K�H��
�G�D�W�D�� �O�R�F�D�W�L�R�Q���� �W�K�H�� �N�L�Q�G�� �R�I �� �V�W�R�U�D�J�H�� �W�H�F�K�Q�R�O�R�J�\�� �W�K�D�W�� �L�V��
�X�V�H�G�� �X�Q�G�H�U�Q�H�D�W�K�� �D�Q�G�� �S�U�R�W�R�F�R�O�V�� �X�V�H�G�� �W�R�� �L�Q�W�H�U�D�F�W�� �Z�L�W�K��
�W�K�H�V�H�� �V�W�R�U�D�J�H�� �V�\�V�W�H�P�V���� �7�K�L�V�� �O�R�J�L�F�D�O�� �Y�L�H�Z�� �V�K�R�X�O�G�� �D�O�V�R�� �E�H��
�L�Q�G�H�S�H�Q�G�H�Q�W���R�Q���W�K�H���X�V�H�U�V���R�U���G�D�W�D���S�U�H�V�H�U�Y�D�W�L�R�Q���D�S�S�O�L�F�D�W�L�R�Q�V��
�O�R�F�D�W�L�R�Q�����V�R���W�K�H�\���F�D�Q���Q�D�Y�L�J�D�W�H���W�K�U�R�X�J�K���G�L�U�H�F�W�R�U�L�H�V���F�R�Q�W�H�Q�W��
�Z�L�W�K�R�X�W�� �K�D�Y�L�Q�J�� �W�R�� �E�R�W�K�H�U�� �D�E�R�X�W�� �W�K�H�� �À�O�H�V�� �O�R�F�D�W�L�R�Q�� ���L�Q�� �D��
�G�L�U�H�F�W�R�U�\���� �W�K�H�� �À�O�H�V�� �F�R�X�O�G�� �E�H�� �O�R�F�D�W�H�G�� �L�Q�� �G�L�I�I�H�U�H�Q�W�� �G�D�W�D��
�F�H�Q�W�H�U�V���R�U���V�W�R�U�D�J�H���V�\�V�W�H�P�V����

U�V�H�U�V���K�D�Y�H���W�R���E�H���R�U�J�D�Q�L�]�H�G���Z�L�W�K�L�Q���D���Y�L�U�W�X�D�O���R�U�J�D�Q�L�]�D�W�L�R�Q��
�Z�K�H�U�H�� �H�D�F�K�� �X�V�H�U�� �K�D�V�� �D�� �X�Q�L�T�X�H�� �L�G�H�Q�W�L�W�\���� �7�K�L�V�� �Y�L�U�W�X�D�O��
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�W�R���G�L�I�I�H�U�H�Q�W�L�D�W�H���X�V�H�U�V�·���U�R�O�H���G�H�S�H�Q�G�L�Q�J���R�Q���W�K�H�L�U���S�U�L�Y�L�O�H�J�H�V��
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���H���J�������V�L�P�S�O�H���X�V�H�U�����G�D�W�D���F�X�U�D�W�R�U�����D�G�P�L�Q�L�V�W�U�D�W�R�U���H�W�F�«�������'�D�W�D��
�D�F�F�H�V�V�H�V���U�L�J�K�W�V���P�D�Q�D�J�H�P�H�Q�W���L�V���D�O�V�R���P�D�Q�G�D�W�R�U�\��

B�X�W�� �V�W�R�U�D�J�H�� �Y�L�U�W�X�D�O�L�]�D�W�L�R�Q�� �L�V�� �Q�R�W�� �H�Q�R�X�J�K���� �)�R�U�� �F�O�L�H�Q�W��
�D�S�S�O�L�F�D�W�L�R�Q�V�� �U�H�O�\�L�Q�J�� �R�Q�� �G�D�W�D�� �Y�L�U�W�X�D�O�L�]�D�W�L�R�Q�� �P�L�G�G�O�H�Z�D�U�H����
�W�K�H�U�H�� �D�U�H�� �Q�R�� �V�D�I�H�J�X�D�U�G�V�� �D�Q�G�� �Q�R�� �J�X�D�U�D�Q�W�H�H�� �R�I �� �D�� �V�W�U�L�F�W��
�D�S�S�O�L�F�D�W�L�R�Q�� �R�I �� �W�K�H�� �G�D�W�D�� �S�U�H�V�H�U�Y�D�W�L�R�Q�� �S�R�O�L�F�\���� �7�K�H�U�H�� �D�U�H��
�Y�D�U�L�R�X�V���S�L�W�I�D�O�O�V���V�X�F�K���D�V���K�D�Y�L�Q�J���V�H�Y�H�U�D�O���G�D�W�D���P�D�Q�D�J�H�P�H�Q�W��
�D�S�S�O�L�F�D�W�L�R�Q�V�� ���R�U�� �V�H�Y�H�U�D�O�� �Y�H�U�V�L�R�Q�V�� �R�I �� �L�W���� �F�R�H�[�L�V�W�L�Q�J�� �D�W�� �W�K�H��
�V�D�P�H���W�L�P�H�����H�D�F�K���R�I ���W�K�H�P���K�D�Y�L�Q�J���W�K�H�L�U���R�Z�Q���V�H�W���R�I ���S�R�O�L�F�L�H�V��
���I�R�U���G�D�W�D���U�H�S�O�L�F�D�W�L�R�Q�����G�D�W�D���K�D�Q�G�O�L�Q�J���H�W�F�«�������W�K�L�V���F�D�Q���H�Q�G���X�S��
�Z�L�W�K�� �S�R�W�H�Q�W�L�D�O�� �L�Q�F�R�Q�V�L�V�W�H�Q�F�L�H�V�� �L�Q�� �W�K�H�� �S�R�O�L�F�L�H�V�� �D�S�S�O�L�H�G�� �R�Q��
�W�K�H���G�D�W�D�����7�K�H���V�R�O�X�W�L�R�Q���W�R���W�K�H�V�H���S�U�R�E�O�H�P�V���L�V���W�R���Y�L�U�W�X�D�O�L�]�H��
�W�K�H�� �G�D�W�D�� �S�U�H�V�H�U�Y�D�W�L�R�Q�� �S�R�O�L�F�L�H�V���� �S�R�O�L�F�L�H�V�� �D�U�H�� �H�[�S�U�H�V�V�H�G�� �L�Q��
�W�H�U�P�V���R�I ���U�X�O�H�V���D�Q�G���D�U�H���E�H�L�Q�J���G�H�À�Q�H�G���R�Q���W�K�H���P�L�G�G�O�H�Z�D�U�H��
�V�L�G�H�����K�H�Q�F�H���R�Q���W�K�H���V�H�U�Y�H���V�L�G�H�����7�K�H���P�D�Q�D�J�H�P�H�Q�W���S�R�O�L�F�L�H�V��
�D�U�H�� �W�K�H�Q�� �F�H�Q�W�U�D�O�L�]�H�G�� �D�Q�G�� �Z�L�O�O�� �E�H�� �D�S�S�O�L�H�G�� �L�Q�� �D�� �F�R�Q�V�L�V�W�H�Q�W��
�Z�D�\�� �Z�K�D�W�H�Y�H�U�� �D�S�S�O�L�F�D�W�L�R�Q�V�� �D�U�H�� �E�H�L�Q�J�� �X�V�H�G�� �D�Q�G�� �Z�K�H�U�H�Y�H�U��
�W�K�H�\�� �D�U�H�� �O�R�F�D�W�H�G���� �)�R�U�� �H�[�D�P�S�O�H���� �O�H�W�� �X�V�� �V�X�S�S�R�V�H�� �W�K�D�W�� �R�Q�H��
�Z�D�Q�W�V�� �W�R�� �U�H�S�O�L�F�D�W�H�� �D�� �F�H�U�W�D�L�Q�� �W�\�S�H�� �R�I �� �G�D�W�D�� �R�Q�� �W�K�U�H�H�� �V�L�W�H�V��
�Z�L�W�K���R�Q�H���F�R�S�\�� �R�Q���W�D�S�H���� �W�K�L�V���S�R�O�L�F�\�� �Z�L�O�O���E�H���H�[�S�U�H�V�V�H�G���R�Q��
�W�K�H�� �P�L�G�G�O�H�Z�D�U�H�� �V�L�G�H���� �W�K�H�U�H�I�R�U�H�� �L�I �� �D�Q�� �D�S�S�O�L�F�D�W�L�R�Q�� �L�Q�J�H�V�W��
�Q�H�Z�� �G�D�W�D�� �W�K�U�R�X�J�K�� �W�K�H�� �P�L�G�G�O�H�Z�D�U�H���� �L�W�� �Z�R�Q�·�W�� �E�H�� �D�E�O�H�� �W�R��
�F�K�R�R�V�H�� �D�Q�G�� �R�Y�H�U�U�L�G�H�� �W�K�H�� �U�H�S�O�L�F�D�W�L�R�Q�� �V�W�U�D�W�H�J�\�� �Z�K�L�F�K�� �K�D�V��
�E�H�H�Q���V�H�W���R�Q���W�K�H���V�H�U�Y�H�U���V�L�G�H�����$���F�H�Q�W�U�D�O�L�]�H�G���D�Q�G���Y�L�U�W�X�D�O�L�]�H�G��
�G�D�W�D���P�D�Q�D�J�H�P�H�Q�W���S�R�O�L�F�\���W�K�D�W���Q�R�E�R�G�\���F�D�Q���R�Y�H�U�F�R�P�H���L�V���D��
�N�H�\���S�R�L�Q�W���W�R���W�K�H���V�X�F�F�H�V�V���R�I ���D���G�D�W�D���S�U�H�V�H�U�Y�D�W�L�R�Q���S�U�R�M�H�F�W��

Middleware solution

A�� �P�L�G�G�O�H�Z�D�U�H�� �V�R�O�X�W�L�R�Q�� �I�R�U�� �G�D�W�D�� �P�D�Q�D�J�H�P�H�Q�W�� �D�Q�G��
�O�R�Q�J�� �W�H�U�P�� �S�U�H�V�H�U�Y�D�W�L�R�Q�� �K�D�V�� �W�R�� �S�U�R�Y�L�G�H�� �E�R�W�K�� �V�W�R�U�D�J�H��
�Y�L�U�W�X�D�O�L�]�D�W�L�R�Q���D�Q�G���S�R�O�L�F�\���G�D�W�D���P�D�Q�D�J�H�P�H�Q�W���Y�L�U�W�X�D�O�L�]�D�W�L�R�Q����
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iRODS�����L�5�X�O�H���2�U�L�H�Q�W�H�G���'�D�W�D���6�\�V�W�H�P�����L�V���D�Q���R�S�H�Q���V�R�X�U�F�H��
�P�L�G�G�O�H�Z�D�U�H�� �G�H�Y�H�O�R�S�H�G�� �E�\�� �W�K�H�� �'�,�&�(�� �W�H�D�P�� �F�R�O�O�R�F�D�W�H�G�� �D�W��
�8�&���6�D�Q���'�L�H�J�R���D�Q�G���8�Q�L�Y�H�U�V�L�W�\���R�I ���1�R�U�W�K���&�D�U�R�O�L�Q�D���D�W���&�K�D�S�H�O��
�+�L�O�O�����Z�L�W�K���F�R�Q�W�U�L�E�X�W�L�R�Q�V���I�U�R�P���H�[�W�H�U�Q�D�O���F�R�O�O�D�E�R�U�D�W�R�U�V���V�X�F�K��
�D�V���&�&���,�1���3�������,�W�V���V�F�D�O�D�E�L�O�L�W�\���D�Q�G���Á�H�[�L�E�L�O�L�W�\���D�O�O�R�Z�V���L�W���W�R���E�H��
�F�X�V�W�R�P�L�]�H�G���W�R���À�W���D���Z�L�G�H���Y�D�U�L�H�W�\���R�I ���X�V�H���F�D�V�H�V���D�Q�G���L�V���D���J�R�R�G��
�P�D�W�F�K���W�R���E�H���S�D�U�W���R�I ���D���O�R�Q�J���W�H�U�P���G�D�W�D���S�U�H�V�H�U�Y�D�W�L�R�Q���V�\�V�W�H�P����

W�L�W�K���W�K�H���K�H�O�S���R�I ���W�K�H���V�W�R�U�D�J�H���Y�L�U�W�X�D�O�L�]�D�W�L�R�Q�����R�Q�H���F�D�Q���P�R�Y�H��
�G�D�W�D�� �W�R�� �Q�H�Z�� �V�W�R�U�D�J�H�� �G�H�Y�L�F�H�V�� �L�Q�� �D�� �W�U�D�Q�V�S�D�U�H�Q�W�� �Z�D�\�� �I�U�R�P��
�W�K�H���S�R�L�Q�W���R�I ���Y�L�H�Z���R�I ���W�K�H���H�Q�G���D�S�S�O�L�F�D�W�L�R�Q�V�����L�5�2�'�6���F�D�Q���E�H��
�L�Q�W�H�U�I�D�F�H�G���Z�L�W�K���D���Z�L�G�H���Y�D�U�L�H�W�\���R�I ���V�W�R�U�D�J�H���D�Q�G���L�Q�I�R�U�P�D�W�L�R�Q��
�V�\�V�W�H�P�V�� ���Z�K�L�F�K�� �F�D�Q�� �E�H�� �G�L�V�W�U�L�E�X�W�H�G������ �S�U�R�Y�L�G�L�Q�J�� �D�� �O�R�W�� �R�I ��
�I�U�H�H�G�R�P���L�Q���W�K�H���F�K�R�L�F�H���R�I ���W�K�H���W�H�F�K�Q�R�O�R�J�L�H�V���R�Q�H���P�L�J�K�W���Z�D�Q�W��
�W�R�� �X�V�H�� �I�R�U�� �G�D�W�D�� �S�U�H�V�H�U�Y�D�W�L�R�Q�� �S�U�R�M�H�F�W�V���� �0�H�W�D�G�D�W�D���� �D�F�F�H�V�V��
�U�L�J�K�W�V���� �D�X�G�L�W�L�Q�J�� �D�U�H�� �D�O�V�R�� �L�P�S�R�U�W�D�Q�W�� �I�H�D�W�X�U�H�V�� �S�U�R�Y�L�G�H�G�� �E�\��
�L�5�2�'�6���I�R�U���G�D�W�D���S�U�H�V�H�U�Y�D�W�L�R�Q��

D�D�W�D���P�D�Q�D�J�H�P�H�Q�W���S�R�O�L�F�L�H�V���D�U�H���H�[�S�U�H�V�V�H�G���L�Q���W�H�U�P�V���R�I ���U�X�O�H�V��
�R�Q�� �W�K�H�� �V�H�U�Y�H�U�� �V�L�G�H���� �W�K�H�\�� �D�U�H�� �G�H�V�F�U�L�E�H�G�� �X�V�L�Q�J�� �D�� �O�D�Q�J�X�D�J�H��
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ReQUirements and soLUtions For 
archiving scientiFic data  at CINES
Stephane Coutin

Historically an high-performance computing datacenter, the “Centre Informatique National de l’Enseignement 
Supérieur” (CINES) has also a mission of long term digital preservation. By coupling those two areas, it became 
obvious that CINES had to understand and take into account the requirements of scienti�c communities regarding 
their data life cycle, and more speci�cally their archiving requirements. We will present those requirements and 
describe the platforms CINES proposes for each service class.

CINES mission on long term 

preservation 

I �Q�I�R�U�P�D�W�L�R�Q���L�Q���D���G�L�J�L�W�D�O���I�R�U�P���L�V���Q�R�Z���R�P�Q�L�S�U�H�V�H�Q�W���L�Q���R�X�U��
�V�R�F�L�H�W�\�����Z�L�W�K���K�X�J�H���Y�R�O�X�P�H�V���D�Q�G���P�X�O�W�L�S�O�H���I�R�U�P�D�W�V�����'�H�V�S�L�W�H��
�L�W�V�� �F�R�P�S�O�H�[�L�W�\�� �D�Q�G�� �Y�R�O�D�W�L�O�L�W�\���� �L�W�·�V�� �D�� �J�H�Q�X�L�Q�H�� �W�H�V�W�L�P�R�Q�\�� �R�I ��
�D�F�W�L�Y�L�W�L�H�V�����D�Q���D�U�F�K�L�Y�H�����I�R�U���Z�K�L�F�K���S�U�H�V�H�U�Y�D�W�L�R�Q���L�V���D���F�R�Q�F�H�U�Q����
�7�K�X�V���� �W�K�H�� �V�W�D�N�H�V�� �R�I �� �G�L�J�L�W�D�O�� �S�U�H�V�H�U�Y�D�W�L�R�Q�� �D�U�H�� �K�L�J�K���� �D�V��
�W�K�H�\�� �U�H�V�L�G�H�� �L�Q�� �W�K�H�� �G�H�S�O�R�\�P�H�Q�W�� �R�I �� �W�K�H�� �P�H�D�Q�V�� �U�H�T�X�L�U�H�G��
�W�R�� �J�X�D�U�D�Q�W�H�H�� �W�K�H�� �K�H�U�L�W�D�J�H�� �F�R�Q�V�H�U�Y�D�W�L�R�Q���� �I�U�R�P�� �W�K�H�� �V�K�R�U�W��
�W�H�U�P�� �W�R�� �W�K�H�� �O�R�Q�J�� �W�H�U�P���� �7�K�H�� �U�L�V�N�V�� �D�V�V�R�F�L�D�W�H�G�� �W�R�� �G�L�J�L�W�D�O��
�L�Q�I�R�U�P�D�W�L�R�Q���K�D�Y�H���Q�R�Z���E�H�H�Q���L�G�H�Q�W�L�À�H�G���I�R�U���T�X�L�W�H���D���Z�K�L�O�H����
�D�Q�G���F�D�Q���E�H���V�X�P�P�D�U�L�]�H�G���L�Q���I�R�X�U���P�D�L�Q���W�K�U�H�D�W�V����
	 �7�K�H���G�H�W�H�U�L�R�U�D�W�L�R�Q���D�Q�G���D�J�H�L�Q�J���R�I ���V�W�R�U�D�J�H���P�H�G�L�D��
	 �7�K�H���G�L�V�D�S�S�H�D�U�D�Q�F�H���R�I ���U�H�D�G���K�D�U�G�Z�D�U�H���R�U���V�R�I�W�Z�D�U�H��
	 �7�K�H�� �L�P�S�R�V�V�L�E�L�O�L�W�\�� �R�I �� �U�H�D�G�L�Q�J�� �W�K�H�� �I�R�U�P�D�W�� �R�I �� �W�K�H��
�À�O�H�V���F�R�Q�W�D�L�Q�L�Q�J���W�K�H���G�D�W�D��
	 �7�K�H�� �O�R�V�W�� �N�Q�R�Z�O�H�G�J�H�� �R�I �� �W�K�H�� �F�R�Q�W�H�Q�W�� �R�I �� �G�L�J�L�W�D�O��
�R�E�M�H�F�W�V����

P�U�H�V�H�U�Y�L�Q�J���G�L�J�L�W�D�O���G�D�W�D���F�R�Q�V�L�V�W�V���R�I ���S�U�H�V�H�U�Y�L�Q�J���W�K�H���G�R�F�X�P�H�Q�W��
���Z�K�L�O�H�� �J�X�D�U�D�Q�W�H�H�L�Q�J�� �L�W�V�� �L�Q�W�H�J�U�L�W�\�� �D�Q�G�� �D�X�W�K�H�Q�W�L�F�L�W�\������ �Z�K�L�O�H��
�N�H�H�S�L�Q�J���L�W���D�F�F�H�V�V�L�E�O�H���D�Q�G���X�Q�G�H�U�V�W�D�Q�G�D�E�O�H�����7�K�H���F�R�P�S�O�H�[�L�W�\��
�R�I ���V�X�F�K���D���W�D�V�N���L�V���W�L�J�K�W�O�\���E�R�X�Q�G���W�R���W�K�H���S�U�H�V�H�U�Y�D�W�L�R�Q���W�L�P�H�V�F�D�O�H����
�:�L�W�K�L�Q���D���I�H�Z���\�H�D�U�V���S�H�U�L�R�G�����W�K�H���S�U�R�E�O�H�P���L�V���U�H�O�D�W�L�Y�H�O�\���H�D�V�\���W�R��
�G�H�D�O���Z�L�W�K�����*�R�R�G���T�X�D�O�L�W�\���D�Q�G���V�H�F�X�U�H���,�7���V�W�R�U�D�J�H���J�X�D�U�D�Q�W�H�H�V��
�D�J�D�L�Q�V�W�� �D�F�F�L�G�H�Q�W�D�O�� �O�R�V�V�� �R�I �� �W�K�H�� �G�R�F�X�P�H�Q�W���� �7�H�F�K�Q�R�O�R�J�L�H�V��
�Z�R�Q�·�W���K�D�Y�H���F�K�D�Q�J�H�G���V�R���P�X�F�K���W�K�D�W���W�K�H���G�R�F�X�P�H�Q�W���Z�L�O�O���K�D�Y�H��
�E�H�F�R�P�H���L�U�U�H�P�H�G�L�D�E�O�\���X�Q�U�H�D�G�D�E�O�H�����)�L�Q�D�O�O�\�����W�K�H���F�R�P�P�X�Q�L�W�\��
�R�I �� �S�R�W�H�Q�W�L�D�O�� �X�V�H�U�V�� �R�I �� �W�K�H�� �G�R�F�X�P�H�Q�W�� �Z�L�O�O�� �P�R�V�W�� �O�L�N�H�O�\�� �E�H��
�V�F�L�H�Q�W�L�À�F�D�O�O�\�� �D�Q�G�� �F�X�O�W�X�U�D�O�O�\�� �V�L�P�L�O�D�U�� �W�R�� �W�K�H�� �R�Q�H�� �Z�K�L�F�K��
�F�U�H�D�W�H�G�� �W�K�H�� �G�R�F�X�P�H�Q�W�� �D�� �F�R�X�S�O�H�� �R�I �� �\�H�D�U�V�� �H�D�U�O�L�H�U���� �V�R�� �W�K�H��
�Q�H�H�G���I�R�U���D�Q���H�[�K�D�X�V�W�L�Y�H���L�Q�I�R�U�P�D�W�L�R�Q���G�H�V�F�U�L�S�W�L�R�Q���L�V���Q�R�W���V�R��
�V�W�U�R�Q�J���� �:�L�W�K�L�Q�� �D�� �Z�L�G�H�U�� �S�H�U�L�R�G�� �K�R�Z�H�Y�H�U���� �Q�R�Q�H�� �R�I �� �W�K�L�V�� �L�V��
�D�� �I�R�U�H�J�R�Q�H�� �F�R�Q�F�O�X�V�L�R�Q���� �X�Q�O�H�V�V�� �V�R�P�H�R�Q�H�� �K�D�V�� �W�K�R�X�J�K�W�� �R�I ��

�D�F�F�R�P�S�D�Q�\�L�Q�J���W�K�H���G�R�F�X�P�H�Q�W���R�Y�H�U���W�L�P�H�����D�Q�G���U�H�T�X�L�U�H�P�H�Q�W�V��
�I�R�U���F�R�P�S�U�H�K�H�Q�V�L�Y�H�Q�H�V�V���D�Q�G���O�H�J�L�E�L�O�L�W�\���E�H�F�R�P�H���P�D�Q�G�D�W�R�U�\��

F�R�U�� �W�K�H�V�H�� �U�H�D�V�R�Q�V���� �W�K�H�� �)�U�H�Q�F�K�� �P�L�Q�L�V�W�U�\�� �I�R�U�� �+�L�J�K�H�U��
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Figure 1. Illustration of the speci�cations for digital preservation of scienti�c 
data.
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Figure 2. Solutions for scienti�c data preservation at CINES.
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Figure 3. ISAAC system work�ow.
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�Z�L�W�K�R�X�W���Y�D�O�L�G�D�W�L�R�Q���D�V���Z�H���D�V�V�X�P�H���Z�H���Z�L�O�O���E�H���D�E�O�H���W�R���U�H�D�G���L�W��
�D�W���W�K�H���H�Q�G���R�I ���W�K�H���S�U�H�V�H�U�Y�D�W�L�R�Q�������$�I�W�H�U���W�K�H���D�J�U�H�H�G���G�X�U�D�W�L�R�Q����
�G�D�W�D���Z�L�O�O���E�H���H�L�W�K�H�U���J�L�Y�H�Q���E�D�F�N���W�R���W�K�H���S�U�R�G�X�F�H�U���R�U���P�R�Y�H�G��
�W�R�� �W�K�H�� �O�R�Q�J�� �W�H�U�P�� �S�U�H�V�H�U�Y�D�W�L�R�Q�� �V�\�V�W�H�P�� ���W�K�X�V�� �S�R�W�H�Q�W�L�D�O�O�\��
�U�H�T�X�L�U�L�Q�J���D�G�G�L�W�L�R�Q�D�O���P�H�W�D�G�D�W�D���R�U���I�R�U�P�D�W���Y�D�O�L�G�D�W�L�R�Q����

O�Q�H�� �R�I �� �W�K�H�� �P�D�L�Q�� �F�K�D�O�O�H�Q�J�H�V�� �R�I �� �W�K�H�� �,�6�$�$�&�� �S�U�R�M�H�F�W�� �L�V��
�L�Q�� �L�W�V�� �R�U�J�D�Q�L�]�D�W�L�R�Q�D�O�� �D�Q�G�� �D�G�P�L�Q�L�V�W�U�D�W�L�Y�H�� �D�V�S�H�F�W�V���� �,�Q�G�H�H�G����
�D�Q�\�� �G�D�W�D�� �S�U�R�G�X�F�H�G�� �P�X�V�W�� �E�H�� �O�L�Q�N�H�G�� �W�R�� �D�� �V�W�U�X�F�W�X�U�H�G�� �D�Q�G��
�U�H�F�R�J�Q�L�]�H�G�� �F�R�Q�W�H�[�W���� �Z�K�L�F�K�� �F�D�Q�� �H�Q�V�X�U�H�� �L�W�V�� �V�X�L�W�D�E�L�O�L�W�\��
�D�Q�G�� �L�W�V�� �L�Q�W�H�J�U�L�W�\���� �6�R���� �L�Q�� �W�K�H�� �V�D�P�H�� �V�S�L�U�L�W�� �D�V�� �©�W�K�H�� �W�K�H�P�D�W�L�F��
�F�R�P�P�L�W�W�H�H�V�� �I�R�U�� �V�F�L�H�Q�W�L�À�F�� �V�X�S�H�U�F�R�P�S�X�W�L�Q�J�ª�� �D�W�� �&�,�1�(�6����
�W�K�H�� �,�6�$�$�&�� �S�U�R�M�H�F�W���S�U�R�S�R�V�H�V�� �W�K�H�� �F�U�H�D�W�L�R�Q���R�I �� �©�7�K�H�P�D�W�L�F��
�&�R�P�P�L�W�W�H�H�V�� �R�I �� �$�U�F�K�L�Y�L�Q�J���ª�(�D�F�K�� �&�7�$�� ���7�K�H�P�D�W�L�F��
�&�R�P�P�L�W�W�H�H�V�� �R�I �� �$�U�F�K�L�Y�L�Q�J���� �L�V�� �F�R�P�S�R�V�H�G�� �R�I �� �D�� �F�K�D�L�U�P�D�Q����
�D�� �U�H�S�U�H�V�H�Q�W�D�W�L�Y�H�� �R�I �� �W�K�H�� �D�U�F�K�L�Y�L�Q�J�� �S�O�D�W�I�R�U�P���� �D�Q�G�� �R�Q�H�� �R�U��
�P�R�U�H���H�[�S�H�U�W�V���L�Q���W�K�H���V�F�L�H�Q�W�L�À�F���À�H�O�G��

T�K�H���N�H�\���U�R�O�H�V���R�I ���&�7�$���D�U�H��
	
	 �7�K�H���V�W�X�G�\���D�Q�G���W�K�H���F�K�R�L�F�H���R�I ���À�O�H���I�R�U�P�D�W�V���D�F�F�H�S�W�H�G��
�L�Q�W�R���W�K�H���D�U�F�K�L�Y�H���V�\�V�W�H�P

	 �7�K�H�� �V�W�X�G�\�� �D�Q�G�� �W�K�H�� �F�K�R�L�F�H�� �R�I �� �P�H�W�D�G�D�W�D�� �X�V�H�G�� �W�R��
�G�H�V�F�U�L�E�H���G�D�W�D

	 �7�K�H���V�W�X�G�\���D�Q�G���W�K�H���D�F�F�H�S�W�D�Q�F�H���R�I ���S�U�R�M�H�F�W���D�U�F�K�L�Y�H
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�&�,�1�(�6���L�Q�W�H�U�Q�H�W���V�L�W�H���D�W���Z�Z�Z���F�L�Q�H�V���I�U
�4�X�D�O�L�W�\�� �D�Q�G�� �D�F�F�U�H�G�L�W�D�W�L�R�Q�� �L�Q�� �D�� �)�U�H�Q�F�K�� �G�L�J�L�W�D�O�� �U�H�S�R�V�L�W�R�U�\��
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VirtUaL environments For data 
preservation
Volker Beckmann

Data preservation in a wider sense includes also the ability to analyse data of past experiments. Because operation 
systems, such as Linux and Windows, are evolving rapidly, software packages can be outdated and not usable anymore 
already a few years after they have been written. Creating an image of the operation system is a way to be able to 
launch the analysis software on a computing infrastructure independent on the local operation system used.  At the 
same time, virtualization also allows to launch the same software in collaborations across several institutes with 
very different computing infrastructure. At the François Arago Centre of the APC in Paris we provide user support for 
virtualization and computing environment access to the scienti�c community.

Why go virtual?

T�K�H�� �D�E�L�O�L�W�\�� �W�R�� �X�V�H�� �V�F�L�H�Q�W�L�À�F�� �G�D�W�D�� �R�Q�� �W�K�H�� �O�R�Q�J�� �W�H�U�P�� �D�Q�G��
�W�R�� �E�H�� �D�E�O�H�� �W�R�� �H�[�W�U�D�F�W�� �V�F�L�H�Q�W�L�À�F�� �U�H�V�X�O�W�V�� �\�H�D�U�V�� �D�I�W�H�U�� �D�Q��
�H�[�S�H�U�L�P�H�Q�W�� �K�D�V�� �E�H�H�Q�� �À�Q�L�V�K�H�G���� �U�H�O�L�H�V�� �Q�R�W�� �R�Q�O�\�� �R�Q�� �W�K�H��
�D�F�F�H�V�V�L�E�L�O�L�W�\�� �R�I �� �W�K�H�� �G�D�W�D�� �L�W�V�H�O�I���� �$�Q�� �L�P�S�R�U�W�D�Q�W�� �D�V�S�H�F�W�� �L�V��
�J�R�L�Q�J���W�R���E�H���Z�K�H�W�K�H�U���L�W���Z�L�O�O���E�H���S�R�V�V�L�E�O�H���W�R���D�S�S�O�\���D�Q�D�O�\�V�L�V��
�V�R�I�W�Z�D�U�H�� �W�K�D�W�� �K�D�G�� �E�H�H�Q�� �Z�U�L�W�W�H�Q�� �L�Q�� �R�U�G�H�U�� �W�R�� �S�U�R�F�H�V�V�� �W�K�H��
�G�D�W�D���L�Q���W�K�H���À�U�V�W���S�O�D�F�H�����:�K�L�O�H���W�K�H���V�R�I�W�Z�D�U�H���S�D�F�N�D�J�H���L�W�V�H�O�I ��
�P�L�J�K�W���E�H���Z�H�O�O���G�R�F�X�P�H�Q�W�H�G���D�Q�G���G�H�Y�H�O�R�S�H�G���D�Q�G�����D�V���I�D�U���D�V��
�S�R�V�V�L�E�O�H���� �I�U�H�H�� �R�I �� �E�X�J�V���� �L�W�� �L�V�� �D�O�Z�D�\�V�� �D�� �F�K�D�O�O�H�Q�J�H�� �W�R�� �L�Q�V�W�D�O�O��
�V�X�F�K���V�R�I�W�Z�D�U�H���R�Q���D���F�X�U�U�H�Q�W���G�D�\���R�S�H�U�D�W�L�R�Q�V���V�\�V�W�H�P����

A�Q�� �H�[�D�P�S�O�H�� �I�R�U�� �W�K�L�V�� �Z�D�V�� �W�K�H�� �U�H�F�H�Q�W�� �H�I�I�R�U�W�� �R�I �� �W�K�H��
�(�X�U�R�S�H�D�Q�� �6�S�D�F�H�� �$�J�H�Q�F�\�� ���(�6�$���� �W�R�� �P�D�N�H�� �W�K�H�� �G�D�W�D�� �R�I ��
�W�K�H�� �(�;�2�6�$�7�� �;���U�D�\�� �V�D�W�H�O�O�L�W�H�� �D�Y�D�L�O�D�E�O�H�� �W�R�J�H�W�K�H�U�� �Z�L�W�K�� �W�K�H��
�D�Q�D�O�\�V�L�V���V�R�I�W�Z�D�U�H�����$�O�W�K�R�X�J�K���W�K�H���G�D�W�D���K�D�G���E�H�H�Q���S�U�H�V�H�U�Y�H�G��
�L�Q�� �V�W�D�Q�G�D�U�G�� �I�R�U�P�D�W�� ���)�,�7�V���� �X�V�H�G�� �E�\�� �W�K�H�� �D�V�W�U�R�S�K�\�V�L�F�D�O��
�F�R�P�P�X�Q�L�W�\���� �D�Q�G���W�K�H���V�R�I�W�Z�D�U�H���S�D�F�N�D�J�H���Z�D�V���D�Y�D�L�O�D�E�O�H���D�Q�G��
�D�O�V�R�� �Z�H�O�O�� �G�R�F�X�P�H�Q�W�H�G���� �W�K�H�� �R�S�H�U�D�W�L�R�Q�� �V�\�V�W�H�P�� �W�R�� �U�X�Q�� �W�K�L�V��
�V�R�I�W�Z�D�U�H���R�Q���K�D�G���O�R�Q�J���F�H�D�V�H�G���W�R���H�[�L�V�W������

A���O�D�U�J�H���D�P�R�X�Q�W���R�I ���Z�R�U�N���K�D�G���W�R���E�H���L�Q�Y�H�V�W�H�G���L�Q���R�U�G�H�U���W�R��
�U�H���R�U�J�D�Q�L�V�H���W�K�H���V�R�X�U�F�H���F�R�G�H���L�Q���D���Z�D�\���W�K�D�W���L�W���F�R�X�O�G���E�H���U�H��
�F�R�P�S�L�O�H�G���R�Q���D���P�R�G�H�U�Q���G�D�\���R�S�H�U�D�W�L�R�Q���V�\�V�W�H�P����
�$�G�D�S�W�L�Q�J���F�R�P�S�X�W�L�Q�J���F�R�G�H���W�R���D���Q�H�Z���R�S�H�U�D�W�L�R�Q���V�\�V�W�H�P���F�D�Q��
�E�H���Z�R�U�N���L�Q�W�H�Q�V�L�Y�H���R�U���H�Y�H�Q���L�P�S�R�V�V�L�E�O�H�����G�H�S�H�Q�G�L�Q�J���R�Q���W�K�H��
�U�H�V�R�X�U�F�H�V���D�Q�G���D�O�V�R���R�Q���W�K�H���F�D�S�D�E�L�O�L�W�L�H�V���R�I ���W�K�H���L�Q�W�H�J�U�D�W�L�Q�J��
�W�H�D�P�����,�Q���V�R�P�H���H�[�S�H�U�L�P�H�Q�W�V�����R�O�G���F�R�P�S�X�W�H�U�V���Z�L�W�K���D�Q�F�L�H�Q�W��
�R�S�H�U�D�W�L�R�Q���V�\�V�W�H�P�V���D�U�H���X�V�H�G���L�Q���R�U�G�H�U���W�R���P�D�L�Q�W�D�L�Q���W�K�H���D�E�L�O�L�W�\��
�W�R���D�Q�D�O�\�V�H���W�K�H���G�D�W�D�����%�X�W���R�E�Y�L�R�X�V�O�\�����W�K�L�V���D�O�V�R���S�R�V�H�V���R�Q�O�\���D��
�W�H�P�S�R�U�D�U�\���V�R�O�X�W�L�R�Q�����D�V���R�Q�H���G�D�\���W�K�H���K�D�U�G�Z�D�U�H���Z�L�O�O���G�L�H���D�Q�G��
�U�H�S�O�D�F�H�P�H�Q�W���Z�L�O�O���E�H���K�D�U�G���W�R���J�H�W����

A�� �Z�D�\�� �W�R�� �S�U�H�V�H�U�Y�H�� �W�K�H�� �D�E�L�O�L�W�\�� �W�R�� �X�V�H�� �D�Q�D�O�\�V�L�V�� �V�R�I�W�Z�D�U�H��
�S�D�F�N�D�J�H�V�� �R�I �� �S�D�V�W�� �H�[�S�H�U�L�P�H�Q�W�V�� �L�V�� �W�R�� �Y�L�U�W�X�D�O�L�]�H�� �W�K�H��
�S�U�R�F�H�V�V�L�Q�J����T�K�L�V���P�H�D�Q�V�����W�R���F�U�H�D�W�H���D���V�Q�D�S�V�K�R�W���L�P�D�J�H���W�K�D�W��
�L�Q�F�O�X�G�H�V�� �Q�R�W�� �R�Q�O�\�� �W�K�H�� �D�Q�D�O�\�V�L�V�� �V�R�I�W�Z�D�U�H�� �L�W�V�H�O�I���� �E�X�W�� �D�O�V�R��
�W�K�H�� �R�S�H�U�D�W�L�R�Q�� �V�\�V�W�H�P���� �7�K�H�Q���� �W�K�L�V�� �Z�K�R�O�H�� �S�D�F�N�D�J�H�� �F�D�Q�� �E�H��
�L�Q�V�W�D�Q�W�L�D�W�H�G�� �R�Q�� �D�� �Y�L�U�W�X�D�O�� �P�D�F�K�L�Q�H���� �)�L�J�X�U�H�� ���� �L�O�O�X�V�W�U�D�W�H�V��
�W�K�L�V���V�W�H�S���I�U�R�P���D���G�L�U�H�F�W���L�Q�V�W�D�O�O�D�W�L�R�Q���R�Q���D���S�K�\�V�L�F�D�O���P�D�F�K�L�Q�H��
�W�R�Z�D�U�G�V�� �L�Q�V�W�D�O�O�D�W�L�R�Q�� �X�V�L�Q�J�� �Y�L�U�W�X�D�O�� �P�D�F�K�L�Q�H�V���� �7�K�L�V�� �F�D�Q�� �E�H��
�G�R�Q�H���O�R�F�D�O�O�\���R�Q���D���S�H�U�V�R�Q�D�O���F�R�P�S�X�W�H�U���S�U�L�Y�D�W�H���F�O�X�V�W�H�U���R�U���L�Q��
�D���S�U�L�Y�D�W�H���F�O�R�X�G�����D�W���D���O�D�U�J�H�U���F�R�P�S�X�W�L�Q�J���F�H�Q�W�H�U���V�X�F�K���D�V���W�K�H��
�&�&���,�1���3�����L�Q���/�\�R�Q�����R�U���R�Q���D���V�F�L�H�Q�W�L�À�F���F�O�R�X�G���R�U���H�Y�H�Q���R�Q���D��
�F�R�P�P�H�U�F�L�D�O���F�O�R�X�G���H�Q�Y�L�U�R�Q�P�H�Q�W����
�3�U�R�Y�L�G�L�Q�J���D���F�X�V�W�R�P�L�]�H�G���´�L�P�D�J�H�µ���R�I ���W�K�H���R�S�H�U�D�W�L�Q�J���V�\�V�W�H�P��
�W�R�J�H�W�K�H�U���Z�L�W�K���W�K�H���D�Q�D�O�\�V�L�V���V�R�I�W�Z�D�U�H���D�O�V�R���K�D�V���D�G�Y�D�Q�W�D�J�H�V���L�Q��
�W�K�H���H�D�U�O�\���S�K�D�V�H�V���R�I ���D�Q���H�[�S�H�U�L�P�H�Q�W�����)�R�U���H�[�D�P�S�O�H�����G�X�U�L�Q�J��
�W�K�H�� �V�R�I�W�Z�D�U�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �S�K�D�V�H���� �W�K�L�V�� �I�D�F�L�O�L�W�D�W�H�V�� �W�K�H��
�F�R�R�U�G�L�Q�D�W�L�R�Q���R�I ���D���S�U�R�M�H�F�W���E�H�W�Z�H�H�Q���V�H�Y�H�U�D�O�����L�Q�W�H�U�Q�D�W�L�R�Q�D�O����
�S�D�U�W�Q�H�U�V�����$���W�H�D�P���D�W���R�Q�H���S�D�U�W�Q�H�U���L�Q�V�W�L�W�X�W�H���F�D�Q���S�U�R�Y�L�G�H���W�R��
�W�K�H���F�R�Q�V�R�U�W�L�X�P���R�I ���D�Q���H�[�S�H�U�L�P�H�Q�W���W�K�H���V�R�I�W�Z�D�U�H���W�R�J�H�W�K�H�U��
�Z�L�W�K���W�K�H���R�S�H�U�D�W�L�R�Q�V���V�\�V�W�H�P���D�V���R�Q�H���S�D�F�N�D�J�H�����W�R���E�H���L�Q�V�W�D�O�O�H�G��
�H�O�V�H�Z�K�H�U�H�� �D�Q�G�� �E�H�L�Q�J�� �L�Q�G�H�S�H�Q�G�H�Q�W�� �R�I �� �W�K�H�� �F�R�P�S�X�W�D�W�L�R�Q�D�O��
�L�Q�I�U�D�V�W�U�X�F�W�X�U�H���D�Y�D�L�O�D�E�O�H���D�W���W�K�H���V�L�W�H���R�I ���W�K�H���S�D�U�W�Q�H�U���L�Q�V�W�L�W�X�W�H�V��
�D�Q�G���U�H�D�G�\���W�R���U�X�Q���L�P�P�H�G�L�D�W�H�O�\����

T�K�X�V���� �W�K�H�� �W�U�X�H�� �D�G�Y�D�Q�W�D�J�H�� �R�I �� �Y�L�U�W�X�D�O�L�]�D�W�L�R�Q�� �L�V�� �W�K�H��
�S�R�U�W�D�E�L�O�L�W�\���� �7�K�L�V�� �F�D�Q�� �E�H�� �S�R�U�W�D�E�L�O�L�W�\�� �W�R�� �I�X�W�X�U�H�� �F�R�P�S�X�W�L�Q�J��
�L�Q�I�U�D�V�W�U�X�F�W�X�U�H����
�R�U���W�R���F�R�Q�W�H�P�S�R�U�D�Q�H�R�X�V���F�R�P�S�X�W�L�Q�J���V�\�V�W�H�P�V���W�K�D�W���U�X�Q���R�Q��
�D�� �G�L�I�I�H�U�H�Q�W�� �R�S�H�U�D�W�L�R�Q�� �V�\�V�W�H�P�� �W�K�D�Q�� �W�K�H�� �R�Q�H�� �X�V�H�G�� �I�R�U�� �W�K�H��
�G�H�Y�H�O�R�S�P�H�Q�W���R�I ���W�K�H���V�R�I�W�Z�D�U�H����
�7�K�L�V���S�R�U�W�D�E�L�O�L�W�\���R�I ���W�K�H���D�Q�D�O�\�V�L�V���V�R�I�W�Z�D�U�H���S�R�V�H�V���D�Q���L�P�S�R�U�W�D�Q�W��
�D�V�S�H�F�W�� �L�Q�� �W�K�H�� �F�R�Q�W�H�[�W�� �R�I �� �S�U�H�V�H�U�Y�L�Q�J�� �W�K�H�� �L�Q�I�R�U�P�D�W�L�R�Q��
�F�R�Q�W�D�L�Q�H�G���L�Q���V�F�L�H�Q�W�L�À�F���G�D�W�D���R�I ���S�D�V�W���H�[�S�H�U�L�P�H�Q�W�V��



 58 I

The François Arago Centre: building 

expertise to support the community

S�W�D�U�W�L�Q�J�� �D�� �Y�L�U�W�X�D�O�� �P�D�F�K�L�Q�H�� �R�U�� �H�Y�H�Q�� �D�� �F�O�X�V�W�H�U�� �R�I �� �Y�L�U�W�X�D�O��
�P�D�F�K�L�Q�H�V�� �R�Q�� �D�� �V�F�L�H�Q�W�L�À�F���� �S�U�L�Y�D�W�H���� �R�U�� �F�R�P�P�H�U�F�L�D�O�� �F�O�R�X�G��
�H�Q�Y�L�U�R�Q�P�H�Q�W�� �L�V�� �D�� �U�H�O�D�W�L�Y�H�O�\�� �H�D�V�\�� �W�D�V�N���� �H�V�S�H�F�L�D�O�O�\�� �E�H�F�D�X�V�H��
�0�D�U�N�H�W�3�O�D�F�H�V���R�I ���G�L�V�N���L�P�D�J�H�V���D�U�H���G�H�Y�H�O�R�S�H�G���Z�L�W�K�L�Q���&�O�R�X�G��
�V�R�O�X�W�L�R�Q�V�����7�K�H���P�D�L�Q���G�L�I�À�F�X�O�W�\���X�V�H�U�V���À�Q�G���L�V���W�R���F�U�H�D�W�H���W�K�H��
�F�X�V�W�R�P�L�]�H�G�� �G�L�V�N�� �L�P�D�J�H�� �R�I �� �W�K�H�� �R�S�H�U�D�W�L�Q�J�� �V�\�V�W�H�P�� �D�Q�G��
�L�Q�F�O�X�G�L�Q�J�� �D�O�O�� �W�K�H�� �S�D�F�N�D�J�H�V�� �Q�H�F�H�V�V�D�U�\�� �I�R�U�� �U�X�Q�Q�L�Q�J�� �W�K�H��
�V�R�I�W�Z�D�U�H���� �2�Q�F�H�� �W�K�L�V�� �L�P�D�J�H�� �L�V�� �F�U�H�D�W�H�G���� �L�W�� �L�V�� �X�V�H�G�� �L�Q�� �W�K�H��
�F�O�R�X�G�� �H�Q�Y�L�U�R�Q�P�H�Q�W�� �D�V�� �D�� �Y�L�U�W�X�D�O�� �P�D�F�K�L�Q�H���� �H�Q�D�E�O�L�Q�J�� �W�R��
�U�X�Q�� �W�K�H�� �D�Q�D�O�\�V�L�V�� �V�R�I�W�Z�D�U�H�� �W�K�H�� �V�D�P�H�� �Z�D�\�� �D�V�� �R�Q�� �D�� �V�L�Q�J�O�H��
�F�R�P�S�X�W�H�U���Z�L�W�K���W�K�H���V�D�P�H���R�S�H�U�D�W�L�Q�J���V�\�V�W�H�P�����7�K�H���V�D�P�H���Z�D�\��
�D�O�V�R���D���F�O�X�V�W�H�U���F�D�Q���E�H���Y�L�U�W�X�D�O�L�]�H�G�����,�Q���W�K�L�V���F�R�Q�W�H�[�W���D���F�O�R�X�G��
�H�Q�Y�L�U�R�Q�P�H�Q�W���S�U�R�Y�L�G�H�V���W�K�H���D�G�Y�D�Q�W�D�J�H���R�I ���E�H�L�Q�J���Á�H�[�L�E�O�H���L�Q��
�D�V�V�L�J�Q�L�Q�J���U�H�V�R�X�U�F�H�V����

T�K�H���P�D�L�Q���F�R�Q�F�H�U�Q���Z�L�W�K���W�K�H���X�V�D�J�H���R�I ���Y�L�U�W�X�D�O���H�Q�Y�L�U�R�Q�P�H�Q�W�V��
�L�V�� �W�K�H�� �S�R�W�H�Q�W�L�D�O�O�\�� �U�H�G�X�F�H�G�� �S�H�U�I�R�U�P�D�Q�F�H���� �,�Q�� �R�U�G�H�U�� �W�R��
�H�Y�D�O�X�D�W�H���W�K�L�V���D�V�S�H�F�W�����Z�H���S�H�U�I�R�U�P�H�G���D���V�H�U�L�H�V���R�I ���W�H�V�W�V���D�W���W�K�H��
�)�U�D�Q�o�R�L�V���$�U�D�J�R���&�H�Q�W�U�H�����)�$�&�H���>���@�����7�K�L�V���F�H�Q�W�U�H���D�W���W�K�H���$�3�&��
�L�Q���3�D�U�L�V���L�V���S�D�U�W���R�I ���W�K�H���D�Q�V�Z�H�U���W�R���W�K�H���F�K�D�O�O�H�Q�J�H�V���G�H�V�F�U�L�E�H�G��
�D�E�R�Y�H���� �7�K�H�� �)�$�&�H�� �S�U�R�Y�L�G�H�V�� �P�R�G�H�U�D�W�H�� �F�R�P�S�X�W�L�Q�J�� �S�R�Z�H�U��
�W�K�U�R�X�J�K�� �D�� �F�O�X�V�W�H�U�� �R�I �� �������� �Q�R�G�H�V�� �D�Q�G�� �V�W�R�U�D�J�H�� �I�D�F�L�O�L�W�L�H�V��
���D�W�� �W�K�H�� �W�L�P�H�� �E�H�L�Q�J�� �������� �7�%�\�W�H���� �W�R�� �S�U�R�M�H�F�W�V�� �Z�K�L�F�K�� �K�D�Y�H��
�D�� �V�S�H�F�L�À�F�� �Q�H�H�G�� �L�Q�� �G�D�W�D�� �F�H�Q�W�U�H�� �D�F�W�L�Y�L�W�L�H�V���� �7�K�H�� �)�$�&�H�� �D�O�V�R��
�S�U�R�Y�L�G�H�V���P�H�H�W�L�Q�J���U�R�R�P�V���D�Q�G���Y�L�G�H�R���F�R�Q�I�H�U�H�Q�F�H���I�D�F�L�O�L�W�L�H�V����
�D�Q�G���L�V���H�P�E�H�G�G�H�G���L�Q���D���V�F�L�H�Q�W�L�À�F���H�Q�Y�L�U�R�Q�P�H�Q�W���W�K�U�R�X�J�K���L�W�V��
�F�R�Q�Q�H�F�W�L�R�Q�V�� �W�R�� �W�K�H�� �$�3�&���� �W�K�H�� �8�Q�L�Y�H�U�V�L�W�p�� �3�D�U�L�V�� �'�L�G�H�U�R�W��
�D�Q�G�� �L�W�� �L�V�� �S�D�U�W�� �R�I �� �W�K�H�� �6�S�D�F�H�� �&�D�P�S�X�V���� �E�U�L�Q�J�L�Q�J�� �W�R�J�H�W�K�H�U��
�U�H�V�H�D�U�F�K�����G�H�Y�H�O�R�S�P�H�Q�W�����V�W�X�G�H�Q�W�V�����D�Q�G���L�Q�G�X�V�W�U�L�D�O���S�D�U�W�Q�H�U�V����
�7�K�H���V�H�U�Y�L�F�H�V���S�U�R�Y�L�G�H�G���E�\���W�K�H���)�$�&�H���F�D�Q���E�H���D�V���G�L�I�I�H�U�H�Q�W���D�V��
�W�K�H���S�U�R�M�H�F�W�V���K�R�V�W�H�G�����7�K�H���)�$�&�H���V�K�R�X�O�G���Q�R�W���E�H���X�Q�G�H�U�V�W�R�R�G��
�D�V���D���F�O�D�V�V�L�F�D�O���P�L�V�V�L�R�Q���G�D�W�D���F�H�Q�W�U�H�����V�H�U�Y�L�Q�J���D�O�O���W�K�H���J�U�R�X�Q�G��

�V�H�J�P�H�Q�W�� �Q�H�H�G�V�� �R�I �� �H���J���� �R�Q�H�� �V�D�W�H�O�O�L�W�H�� �P�L�V�V�L�R�Q���� �E�X�W�� �U�D�W�K�H�U��
�D�V�� �D�� �P�X�O�W�L���P�L�V�V�L�R�Q�� �W�R�R�O�E�R�[���� �R�X�W�� �R�I �� �Z�K�L�F�K�� �H�D�F�K�� �S�U�R�M�H�F�W��
�W�D�N�H�V�� �W�K�H�� �Q�H�F�H�V�V�D�U�\�� �U�H�V�R�X�U�F�H�V���� �,�Q�� �P�D�Q�\�� �F�D�V�H�V�� �W�K�H�� �)�$�&�H��
�L�V�� �D�� �L�Q�W�H�U�I�D�F�H�� �E�H�W�Z�H�H�Q�� �W�K�H�� �U�H�V�H�D�U�F�K�� �J�U�R�X�S�� �D�Q�G�� �W�K�H�� �O�D�U�J�H��
�F�R�P�S�X�W�L�Q�J���I�D�F�L�O�L�W�L�H�V�����O�L�N�H���W�K�H���&�&���,�1���3�����R�U���W�K�H���*�5�,�'����

C�R�Q�F�H�U�Q�L�Q�J�� �W�K�H�� �L�P�S�D�F�W�� �R�I �� �Y�L�U�W�X�D�O�L�]�D�W�L�R�Q�� �R�Q�� �W�K�H��
�F�R�P�S�X�W�L�Q�J�� �S�H�U�I�R�U�P�D�Q�F�H���� �V�H�Y�H�U�D�O�� �E�H�Q�F�K�� �P�D�U�N�� �W�H�V�W�V�� �K�D�Y�H��
�E�H�H�Q�� �S�H�U�I�R�U�P�H�G�� �D�W�� �W�K�H�� �)�$�&�H���� �F�R�P�S�D�U�L�Q�J�� �V�W�D�Q�G�D�U�G�� �W�H�V�W�V��
�R�Q�� �D�� �F�O�D�V�V�L�F�D�O�� �F�O�X�V�W�H�U�� �Z�L�W�K�� �W�K�H�� �S�H�U�I�R�U�P�D�Q�F�H�� �R�Q�� �F�O�R�X�G��
�H�Q�Y�L�U�R�Q�P�H�Q�W�V�� ���&�D�Y�H�W�� �H�W�� �D�O���� �������������� �)�R�U�� �W�K�L�V�� �S�X�U�S�R�V�H�� �Z�H��
�X�V�H�G���W�K�H���6�W�U�D�W�X�V�/�D�E�����V�F�L�H�Q�W�L�À�F���F�O�R�X�G�����7�K�H���U�H�V�X�O�W�V���F�D�Q���E�H��
�V�X�P�P�D�U�L�]�H�G���D�V���I�R�O�O�R�Z�V��

	 �&�O�R�X�G���D�Q�G���F�O�X�V�W�H�U���E�R�W�K���D�S�S�U�R�D�F�K���P�H�P�R�U�\���E�D�Q�G��
�Z�L�G�W�K���V�D�W�X�U�D�W�L�R�Q���L�Q���D���V�L�P�L�O�D�U���I�D�V�K�L�R�Q
	 �&�O�R�X�G���H�Q�Y�L�U�R�Q�P�H�Q�W�V���X�Q�G�H�U���S�H�U�I�R�U�P���I�R�U���S�U�R�F�H�V�V�H�V��
�Z�L�W�K���O�D�U�J�H���L�Q�W�H�U���Q�R�G�H���P�H�V�V�D�J�H���W�U�D�Q�V�I�H�U
	 �&�O�R�X�G�� �H�Q�Y�L�U�R�Q�P�H�Q�W�V�� �S�H�U�I�R�U�P�� �V�L�P�L�O�D�U�� �I�R�U�� �&�3�8����
�D�Q�G���P�H�P�R�U�\���E�R�X�Q�G���S�U�R�F�H�V�V�H�V

O�Q���W�K�H���R�I�W�H�Q���V�W�D�W�H�G���F�R�Q�F�H�U�Q���W�K�D�W���W�K�H�U�H���L�V���D���O�D�U�J�H���R�Y�H�U�K�H�D�G��
�L�Q���F�R�Q�Y�H�U�W�L�Q�J���W�R���F�O�R�X�G���H�Q�Y�L�U�R�Q�P�H�Q�W�V�����H���J�����%�H�U�U�L�P�D�Q���H�W���D�O����
�������������� �L�W�� �Z�D�V�� �I�R�X�Q�G�� �W�K�D�W�� �W�K�H�� �P�R�V�W�� �G�L�I�À�F�X�O�W�� �S�D�U�W�� �I�R�U�� �W�K�H��
�X�V�H�U�V�� �L�V�� �W�K�H�� �F�U�H�D�W�L�R�Q�� �R�I �� �W�K�H�� �G�L�V�N�� �L�P�D�J�H�� �R�I �� �W�K�H�� �Y�L�U�W�X�D�O��
�P�D�F�K�L�Q�H���� �L���H���� �R�I �� �W�K�H�� �R�S�H�U�D�W�L�R�Q�� �V�\�V�W�H�P���� �,�Q�� �S�U�D�F�W�L�F�H���� �Z�H��
�I�R�X�Q�G�� �W�K�D�W�� �Z�R�U�N�L�Q�J�� �Z�L�W�K�� �W�K�H�� �F�R�O�O�H�D�J�X�H�V�� �L�Q�W�H�U�H�V�W�H�G�� �L�Q��
�Y�L�U�W�X�D�O�L�]�L�Q�J�� �W�K�H�L�U�� �S�U�R�F�H�V�V�L�Q�J���� �W�K�H�� �V�X�S�S�R�U�W�� �Z�D�V�� �Q�R�W�� �P�R�U�H��
�O�D�E�R�U�� �L�Q�W�H�Q�V�L�Y�H�� �D�Q�G�� �W�L�P�H�� �G�H�P�D�Q�G�L�Q�J�� �W�K�D�Q�� �W�U�D�L�Q�L�Q�J�� �Q�H�Z��
�X�V�H�U�V���R�Q���D���F�O�X�V�W�H�U����
�,�Q�� �D�G�G�L�W�L�R�Q���� �F�O�R�X�G�� �V�\�V�W�H�P�V�� �F�D�Q�� �S�U�R�Y�L�G�H�� �S�U�H���I�D�E�U�L�F�D�W�H�G��
�G�L�V�N�� �L�P�D�J�H�V�� �X�V�L�Q�J�� �V�R�P�H�� �V�W�D�Q�G�D�U�G�� �R�S�H�U�D�W�L�R�Q�� �V�\�V�W�H�P�� �V�H�W��
�X�S�V�����Z�K�L�F�K���W�K�H�Q���F�D�Q���E�H���S�X�O�O�H�G���R�I�I ���W�K�H���V�K�H�O�I ���E�\���W�K�H���X�V�H�U����

F�L�Q�D�O�O�\�����V�H�F�X�U�L�W�\���F�D�Q���E�H���D�Q���L�V�V�X�H���L�Q���F�O�R�X�G���V�\�V�W�H�P�V���L�Q���Z�K�L�F�K��
�W�K�H�� �X�V�H�U�� �G�R�H�V�� �Q�R�W�� �K�D�Y�H�� �F�R�Q�W�U�R�O�� �R�Y�H�U�� �Z�K�H�U�H�� �W�K�H�� �G�D�W�D�� �D�U�H��
�V�W�R�U�H�G�������,�Q���D���F�R�P�P�H�U�F�L�D�O���F�O�R�X�G�����L�I ���G�D�W�D���D�U�H���U�H�D�O�O�\���V�H�Q�V�L�E�O�H��
�L�W���L�V�� �Q�H�F�H�V�V�D�U�\�� �W�R�� �H�Q�F�U�\�S�W���R�U�� �D�Q�R�Q�\�P�L�]�H�� �G�D�W�D�� �W�R�� �S�U�H�Y�H�Q�W��
�S�U�R�E�O�H�P�V�����7�K�H���X�V�H���R�I ���D���S�U�L�Y�D�W�H���F�O�R�X�G���H�Q�Y�L�U�R�Q�P�H�Q�W���V�R�O�Y�H�V��
�W�K�H�� �Q�H�W�Z�R�U�N�� �S�U�R�E�O�H�P�� ���U�H�V�W�U�L�F�W�H�G�� �D�F�F�H�V�V�� �I�R�U�� �S�H�R�S�O�H�� �R�I �� �D��
�F�R�Q�V�R�U�W�L�X�P�� �D�Q�G�� �U�H�V�W�U�L�F�W�H�G�� �H�[�F�K�D�Q�J�H�� �Z�L�W�K�� �W�K�H�� �R�X�W�V�L�G�H��
�Z�R�U�O�G������

F�R�U�� �D�Q�� �L�Q�W�H�U�Q�D�O�� �D�W�W�D�F�N���� �L���H���� �I�U�R�P�� �W�K�H�� �F�O�R�X�G�� �S�U�R�Y�L�G�H�U��
���J�L�Y�L�Q�J�� �L�Q�I�R�U�P�D�W�L�R�Q�� �D�Q�G�� �G�D�W�D�� �W�R�� �H���J���� �W�K�H�� �J�R�Y�H�U�Q�P�H�Q�W�� �R�U��
�W�R���D���S�U�L�Y�D�W�H���F�R�P�S�D�Q�\�����W�K�H���S�U�R�E�O�H�P���L�V���E�D�V�H�G���R�Q���W�U�X�V�W�����7�R��
�D�Y�R�L�G�� �W�K�L�V�� �S�U�R�E�O�H�P���� �D�F�D�G�H�P�L�F�� �F�O�R�X�G�� �V�\�V�W�H�P�� �V�K�R�X�O�G�� �E�H��
�I�X�U�W�K�H�U���D�G�Y�D�Q�F�H�G���W�R���U�H�D�F�K���V�X�I�À�F�L�H�Q�W���U�H�V�R�X�U�F�H�V���V�R���W�K�D�W���W�K�H��
�V�F�L�H�Q�W�L�À�F���F�R�P�P�X�Q�L�W�\���G�R�H�V���Q�R�W���K�D�Y�H���W�R���U�H�O�\���R�Q���F�R�P�P�H�U�F�L�D�O��
�F�O�R�X�G���V�\�V�W�H�P��

T�K�H���Q�H�Z���V�H�U�Y�L�F�H���R�I ���W�K�H���)�$�&�H���W�R���Y�L�U�W�X�D�O�L�]�H���W�K�H���S�U�R�F�H�V�V�L�Q�J��
�H�Q�Y�L�U�R�Q�P�H�Q�W���I�R�U���V�R�I�W�Z�D�U�H���S�D�F�N�D�J�H�V���R�I ���S�U�R�M�H�F�W�V���K�D�V���X�S���W�R��
�Q�R�Z���E�H�H�Q���X�V�H�G���E�\���W�K�U�H�H���V�S�D�F�H���P�L�V�V�L�R�Q�V�����2�Q�H���L�V���W�K�H���/�,�6�$��

Figure 2. Virtualization of physical resources are managed by hypervisor. 
The virtual hardware layer encapsulates ressources to create individual 
entities, i.e. the virtual machines. On each virtual machines, a different OS 
can be running. Graphic : Charles Loomis (LAL).
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