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� 1993 : a space probe was designed.

(Albert finish his high school)

� 2000 : construction of the probe 

(Albert does his Phd and joins the CNES)

� 2004 : probe is launched

� 2014 : the probe reach a comet, scientific experiments are carried on
?

Problem sketch
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(Albert contributes to the experiments and must understand technical 
documents written by others 21 years ago)

� 2016 : end of the life of the probe

(Albert’ son finish his high school)

� 2036 : experiment results are always used by scientists

(Albert’ son who is a biologist uses results of an experiment described for 
chemists 22 (43) years ago)

-Albert’ grandson finish his high school /

?



OAIS

� “An OAIS archive is one that intends to preserve 

information for access and use by a Designated 

Community, /”(ccsds, ISO14721)

� “/ ensure that the information to be preserved is 

Independently Understandable/”
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Independently Understandable/”



OAIS

� “The information being maintained has been deemed to 
need Long Term Preservation, /Long Term is long 
enough to be concerned with the impacts of changing 
technologies, including support for new media and data 
formats, or with a changing user community.”

� “The Designated Community should be monitored to be 
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� “The Designated Community should be monitored to be 
sure the Content Information is still understandable to 
them. The Designated Community may lose its familiarity 
with some terminology, and the definition of the 
community may be broadened to include other members 
with different backgrounds. For example, a periodic 
review with participants representing the Designated 
Community could assist in this process.”



An example

Semantic misunderstanding:

– E.g. sunspot number and variations in solar radiation: over 90% of 

researchers outside the sub-field of solar radiation think: sunspot number is a 

measure of solar radiation

– In reality: a sunspot number is a measure (10 x #groups + individual spots) of 

the number of sunspots appearing on the visible solar surface. It is correlated 
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the number of sunspots appearing on the visible solar surface. It is correlated 

to, but not a measure of, solar radiation.

– Why does this matter? Low sunspot number does NOT equal low solar 

radiation:

– How to ‘explain’ this to a computer?

Peter Fox, James Benedict, Deborah McGuinness

2006 Semantic Technology Conference

San Jose, California March 6-9, 2006



hypothesis

A large part of description of data (cf OAIS) 

have a textual form
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hypothesis

A large part of description of data (cf OAIS) 

have a textual form

Data intelligibility mainly depends on this textual 

descriptions
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descriptions



strategy 

Based on Knowledge engineering tools

Preventive : audit > diagnostic > correction

two frameworks : 
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two frameworks : 

• new community apparition (I)

• are knowledge used for data description these of 

the different (even new) communities (II)



(I) Community mining and link analysis

� Epistemic community : group of agents sharing a common set of 
subjets, concepts, problems; sharing a common aim of knowledge 
creation

(Haas (1992), Cowan et al. (2000), Dupouet et al. (2001)).

� A (web) community, is a group of people that primarily interact via 
web communication media such as  email, Usenet, forum, /rather 
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web communication media such as  email, Usenet, forum, /rather 
than face to face 

� A (web) community, is a set of pages web pages (documents) 
having more links to members web pages (documents) than to web 
pages (documents) outside of the community

� Explicit community vs implicit community



(I) new community apparition: 
from HITS to NHITS

� Basic idea : authorities 

(cf PageRank) but also hubs

� Depending on an initial query (expl : 

“virtual observatory”, “space plasma”, 

∑
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“virtual observatory”, “space plasma”, 

“space plasma” and magntosphehre)

� Output : a set of authorities and hubs 

(pages or documents)  which 

represent the whole community. hubs autorities



� Idea: Use of non principal eigenvectors in order to identify 
others community

� Output : sets of pages (documents) corresponding to the 
authorities of each community

� Limitation: « interpretability » (vectors have positive and 
negative ends, positive or negative may (or may not) be a 
community

(I) new community apparition 

from HITS to NHITS
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negative ends, positive or negative may (or may not) be a 
community

� Idea: We use Non Negative Factorisation (NMF) 

� Output: sets of pages (documents) corresponding to the main 
communities with

membership (the certainty that this document belongs to the 
community)

representativeness (the authority of the document for the 
community)

overlapping community possible



(I) NHITS: experiment

� We get 5572  articles from ADS using the query 

: “space plasma”, 

� There where 41879  citations 

� We built an adjacency matrix 
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� We built an adjacency matrix 

� We identify the 10 first communities



(I) NHITS: experiment

Community 1 (Polar cap, [theta] aurora, IMF,:)

0.031454 The theta aurora

0.024609 Polar cap arcs and the plasma sheet

0.022961 Polar views of the earth's aurora with Dynamics Explorer

0.018686 Origin of the plasma in a cross-polar cap auroral feature (theta aurora)

0.017095 Extremely high latitude auroras

0.01332 Interplanetary magnetic field dependency of stable Sun-aligned polar cap arcs

0.012685 IMF B(y)-dependent plasma flow and Birkeland currents in the dayside magnetosphere. II - A global 
model for northward and southward IMF
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model for northward and southward IMF

0.010855 Electric and magnetic field characteristics of discrete arcs in the polar cap

0.010677 B(y)-dependent convection patterns during northward interplanetary magnetic field

0.010644 Simultaneous optical observations of transpolar arcs in the two polar caps

0.010473 A classification of polar cap auroral arcs

0.010437 DMSP optical and electron measurements in the vicinity of polar cap arcs

0.0091752 A comparison of a model for the theta aurora with observations from Polar, Wind, and SuperDARN

0.0089724 Transpolar auroras, their particle precipitation, and IMF B(y) component

0.0086518 IMF By-dependent plasma flow and Birkeland currents in the dayside magnetosphere. I - Dynamics 
Explorer observations

0.0084544 Large-scale Birkeland currents in the dayside polar region during strongly northward IMF - A new 
Birkeland current system

0.0083218 Evolution of the global aurora during positive IMF <formula>Bz and varying IMF <formula>By 
conditions

0.0072503 Creation of Theta-Auroras - the Isolation of Plasma Sheet Fragments in the Polar CAP

0.0069844 A simple model for polar cap convection patterns and generation of theta auroras



(I) NHITS: l’expérimentation

community 4 (dusty [accoustic] plasma:

0.047304 Dust-acoustic waves in dusty plasmas

0.039622 Dusty plasmas in the solar system

0.026847 Cosmic Dusty Plasmas

0.024998 Dust ion-acoustic wave

0.024247 The electrostatics of a dusty plasma

0.021562 Ion plasma waves in dusty plasmas - Halley's comet

0.019689 Low-frequency electrostatic waves in dusty plasmas

0.018189 Ion- and dust-acoustic instabilities in dusty plasmas
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0.018189 Ion- and dust-acoustic instabilities in dusty plasmas

0.015564 A new damping effect for the dust-acoustic wave

0.01547 Waves and Instabilities in Dusty Space Plasmas

0.012191 Waves in Dusty Space Plasmas

0.011748 Linear and nonlinear dust drift waves

0.010704 A kinetic model for dust acoustic waves applied to planetary rings

0.010231 Collective effects due to charge-fluctuation dynamics in a dusty plasma

0.0086977 Dusty plasmas.

0.0082804 Large amplitude ion-acoustic solitons in a dusty plasma

0.0075366 Dispersion properties of dusty plasmas

0.0072596 A survey of dusty plasma physics

0.0068176 Dust charges, cloud potential, and instabilities in a dust cloud embedded in a plasma

0.0063939 Charging of dust grains in a plasma



(II) Archives Intelligibility :

hypothesis

Abstract

The chmilblic1 trucmuch1  

(XXX) is one of the four 

gavagaï1 on-board  YYY's 

? ?
?
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Domain knowledge

gavagaï1 on-board  YYY's 

Chmilblic2 Trucmuch2 

Machin1 (ZZZ), launched on 

November 17, 1995. The

trucmuch1 covers the 

chmilblic3 trucmuch3 of 

2.38 to 45.2ww/. 

texts



(II) Archives Intelligibility :

hypothesis

Abstract

The Short-Wavelength

Spectrometer (SWS) is one 

of the four instruments on-
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of the four instruments on-

board ESA's Infrared Space 

Observatory (ISO), 

launched on November 17, 

1995. The spectrometer

covers the wavelength 

range of 2.38 to 45.2µm with 

a spectral resolution ranging 

from 1000 to 2000. By 

inserting Fabry-Perot filters 

the resolution /

texts

Domain knowledge



(II) Archives Intelligibility :

hypothesis

Abstract

The Short-Wavelength 

Spectrometer (SWS) is one of 

the four instruments on-board 

ESA's Infrared Space 

Observatory (ISO), launched 

on November 17, 1995. The 

spectrometer covers the 

wavelengths

DEF Distance in the direction of 

propagation of a periodic wave between 

two successive points at which the phase 

is the same (at the same time).

GS wavelengths

. de Broglie wavelengths

RT antinodes
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Terminological and ontological resources

Textes

wavelength range of 2.38 to 

45.2µm with a spectral 

resolution ranging from 1000 to 

2000. By inserting Fabry-Perot 

filters the resolution can be 

enhanced by a factor 20 for the 

wavelength range from 11.4 to 

44.5µm. An overview is given 

of the instrument, its in-orbit 

calibration, performance, 

observing modes and off-line 

processing software.

RT antinodes

harmonics

infrared radiation

laser modes

laser outputs

longitudinal waves

maser outputs

millimeter waves

nodes (standing waves)

spectral emission

standing waves

Stokes law of radiation

submillimeter waves

whispering gallery modes



(II) Archives Intelligibility :

hypothesis

Abstract

The Short-Wavelength 

Spectrometer (SWS) is one of 

the four instruments on-board 

ESA's Infrared Space 

Observatory (ISO), launched 
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Texts

Observatory (ISO), launched 

on November 17, 1995. The 

spectrometer covers the 

wavelength range of 2.38 to 

45.2µm with a spectral 

resolution ranging from 1000 to 

2000. By inserting Fabry-Perot 

filters the resolution can be 

enhanced by a factor 20 for the 

wavelength range from 11.4 to 

44.5µm. An overview is given 

of the instrument, its in-orbit 

calibration, performance, 

observing modes and off-line 

processing software.

Terminological and ontological resources



Corpus

“Ontology” (taxinomy,

Hierarchy..)

(II) Archives Intelligibility :

principle
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Hierarchy..)

?

community corpora Community “Ontology”



Texts1 Texts2 Texts3 ≅≅≅≅

‘II) Archives Intelligibility :

principle: hitting the hierarchy
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Taxonomy3Taxonomy 1 Taxonomy 2

#



Analysis profile : contribution, 

Alimentation secteur

Alimentation

Balise Maitre

Electronique

Dialogue

Informatique .....

Balises

(II) Archives Intelligibility :

principle

concentrationspécificity,
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Alimentation secteur

Coffret d'alimentation

Lander Mission

Eoliennes

Générateur Solaire

Balise Maitre

Balise Orbitographie

Balise Temps

Balise Terrain

....

Dialogue

...



Spectrometer in resources

(II) Archives Intelligibility :

principle: choosing the “ontology”

Improve coverage

Release consistency
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wordnet

IAU 

thesaurus

Vsto 

ontologySpase

ontology
NASA

thesaurus

Science

Ontology

NASA 

Thesaurus

+ 

Extraction

from

Digital Library for 

Physics and Astronomy 

1                  2                    4                       21                     44             >200



measuring instruments

. spectrometers

. . achromatic spectrometer 

. . Alpha Magnetic Spectrometer

. . Crystal Spectrometer

. . . High Resolution Crystal Spectrometer

. . . single crystal spectrometer

. . Ebert spectrometers

. . electron spectrometer

. . . multidetector electron spectrometer

. . Fabry-Perot spectrometers

. . Fourier Transform Spectrometer

. . . Fourier-transform microwave spectrometer

. . ion spectrometer

. . grating spectrometer

. . laser spectrometers

. . . diode laser spectrometer

. . . . in situ sensor tunable diode laser spectrometer 

. . mass spectrometers

. . . geomagnetic mass spectrometer

. . . static mass spectrometer

. . . on-line mass spectrometer

. . . retarding ion mass spectrometer

. . microwave spectrometers

. . multichannel spectrometer

. . . two-channel spectrometer

(II) Archives Intelligibility :

principle: choosing the “ontology”
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. . . Fourier-transform microwave spectrometer

. . . high resolution Fourier Spectrometer

. . . pulsed beam microwave Fourier transform spectrometer

. . gamma ray spectrometers

. . . gamma-ray and neutron spectrometers

. . . high sensitivity beta-gamma spectrometer

. . . Transient Gamma Ray Spectrometer

. . Grating Spoectometer *

. . . Low-Energy Transmission Grating Spectrometer

. . . High Energy Transmission Grating Spectrometer

. . . High and Medium Energy Transmission Grating Spectrometer

. . . objective grating spectrometer

. . imaging spectrometers

. . . Gas Imaging Spectrometer

. . .  Low-Resolution Imaging Spectrometer 

. . infrared spectrometers

. . . Mid-Infrared Spectrometer

. . . near infrared imaging spectrometer

. . . near-infrared mapping spectrometer

. . . filter wheel infrared spectrometers

. . . two-channel spectrometer

. . . three-channel spectrometer

. . neutron spectrometers

. . plasma spectrometer

. . Spectroheliographs

. . Solar Backscatter UV Spectrometer

. . solar spectrometers

. . . Computer-Controlled Solar Radio Spectrometer

. . time of flight spectrometers

. . . high-resolution Mass Time-of-Flight (MTOF) spectrometer

. . ultraviolet spectrometers (UV spectrometer)

. . .  Vacuum-Ultraviolet Spectrometer

. . .  limb scanning ultraviolet spectrometer

. . . high dispersion spectrographs

. . . Total Ozone Mapping Spectrometer

. . visible spectrometer

. . x ray spectrometers

. . . Double X-Ray Spectrometer

. . . . double crystal x-ray spectrometer

. . . hard X-ray burst spectrometer



Scientific Mission

Comet Study

Lander Mission

Rosetta Mission

Mechanical Design

Thermal Design

Power Interface

Spacecraft Interface and Design

Quality Assurance

...

Product Assurance .....

Rosetta

(II) Archives Intelligibility :

principle: reference ontology
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Lander Mission

Orbiter Mission

Payload Resources

Power Interface

Pyrotechnic Interface

....



+rosetta project,

+rosetta programme,

+project plan,

...

Rosetta Mission

+design

+interface

+maintainibility

+subsystem,...

Spacecraft Interface and Design

Quality Assurance

Product Assurance .....

Rosetta

(II) Archives Intelligibility :

principle: analyzing ontology
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+earth

+orbital

+scientific

-scientific payload,...

Scientific Mission

...

+structural design

+mechanisms design

+mechanical

+spacecraft,...

Mechanical Design

...

...



+rosetta project,

+rosetta programme,

+project plan,

...

Rosetta Mission

+design

+interface

+maintainibility

+subsystem,...

Spacecraft Interface and Design

Quality Assurance

Product Assurance .....

Rosetta

(II) Archives Intelligibility :

principle: loaded ontology
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Machine Learning and �atural Language Processing for Ontology Engineering, 15th ECAI Workshop, July 21-26 2002 Lyon France

+phase

+orbital

+scientific

-scientific payload,...

Scientific Mission

...

+structural design

+mechanisms design

+mechanical

+spacecraft,...

Mechanical Design

...

...



Génération 1 et 2
managementtechnique

(II) Archives Intelligibility :

an example
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Génération 3



Archives Intelligibility :

conclusion

Two step process

Identifying new community (quite good)

Description intelligibility (in test for this case)

To do:
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Better metrics

Combining, comparing links and contents 

More experiment

Fundamental issue:

Social network vs semantic network


