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connais pas d’étre vivant, de cellule, tissu, organe, individu
tre méme espece, dont on ne puisse pas dire qu’il stocke d
ation, qu’il traite de l'information, qu’il émet et qu’il re¢
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Data sciences:
From first-order logic to the web

yuter systems are used to compute




Data sciences:
From first-order logic to the web

ymputer systems play the role of mediators between intellige
s and objects storing information
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(*) Hypertext (**) Internet

A network that allows
exchanging flows of
information between

machines
6
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1s of communicating objects
ds of millions of web sites
s of pages (September 2008)
billion searches/month on the web (Z
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=1 byte
byte = 10'? bytes
00 terabytes = all the books ever written
= 10> bytes

abyte = the volume of data produced by the C
minute




Data, information, knowledge

Data Elementary description of | Temperature

some reality measurements in a weather
station

Information Data with a meaning A curb giving the evolution
(to construct a of the average temperature
representation of some in a place throughout the
reality) year

Knowledge Information equipped The fact that temperature

with some notion of truth
and more generally some
general laws that have
been inferred

on the earth is augmenting
because of human activity

>/23/2012
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Classic data management
reat success of the 20th century
Academic and industrial research
heoretical foundations
mercial systems such as Oracle, DB2, SQL Server

urce software such as mySQL

Edgar F. Codd-1970
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Casablanca
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{ Theater, Time | 3 Director, Title
Film( Title, Director, « Humphrey Bogart ») A

wing( Title, Theater, Time ) }

al systems use a simpler s




salle heure
. Lucernaire 149 00
Queries are Studic 2000
tra nSIated to Projection on Salle, Heure
a I ge b ra I C titre salle heure
Casablanca Lucernaire 15 :00
eX p re S S i O n S Casablanca Studio 20 :00
kA
titre titre salle heure
Casablanca Casablanca Lucernaire 19 -00
Casablanca Studio 2000
Star Wars Sel 20:30
Projection on Titre Har Wars Se 2215
ttre directeur acteur
Cazablanca M. Curtiz Humphrey Bogart
Selection Actor = “Humphrey Bogart”
Film
titre directeur acteur
Casablanca M. Curtiz Hurmnphrey Bogart
5/29/201Les quatre cents coups | F. Truffaut lean-Pierre Léaud 15
ﬁifar wars G. Lucas Harrison Ford
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: choose the execution plan with the lowest possible cos
ically time) to evaluate the query

earch space", that is to say the space in which we s
plan, is potentially enormous. Use "heuristi

ble to estimate very quickly the co
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e logical statements can be neither proven nor disproved
me problems cannot be solved [Church-Turing]
roblems can be solved but solutions are simply too

ple, factoring a large integer into prime number

sk based on the size of the da
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ries are expressed in relational calculus

A logical language, simple and understandable especially in varia

ueries can be translated into algebraic expressi
easy to evaluate; Codd’s theorem

algebraic expressions can be
odel of computati
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Any relational calculus query can be evaluated in P

Conversely, can all queries computable in P be expressed using
relational calculus? No!

— Given a graph G, and two points a, f of the graph, is there a path from a to f?

— One can ask whether there is a path of length 3 or even k, for k fixed

Problem: Find a logical language that would express all queries
computable in polynomial time but that would express only
gueries computable in polynomial time

This would provide a bridge between what is logically expressible
and what is easily computable

5/29/2012 19



y: Is your company motto really "Don’t be evil"?
s, it's real.
: Is it a written code?
. We have other rules, too.
e allow dogs, for example.

Interview in Playboy Ma

ents for the 20th centu
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mation was living in islands
ith different formats,
ication programming
ages, operating systems s
yught universal PR
sharing
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one
3
(= E\&?
{m= \j,aj




2@

Cliolll

rdlidill

ential to manage large Example: two organizations
es of data movie distribution
mprove availability, — Each movie on a single
arformance, etc.. * If the movie is too por
g server saturates
] of parallelism?

. ) — Peer-to-peer arcr
are increasingly each machine

server




e index gives, for each word, the list of pages that contain thi
d

IRy

www.inria.fr

1
college 34,56,223,9900,111111... 2 www.bnf.com
3 www.inria.fr/~bhe
4

www.inria.fr/a/b

france 56,778,6560,9900,9999...

informatique 9890,11122290...
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ore pages are indexed, the larger the index grows
illions of pages
index size is roughly the size of the indexed data
ry is becoming increasingly expensive to eval
e engine has, the more queri

ueries per
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ere told that the web is extraordinary because of the a
formation it contains

re information, the more complicated it is to find

he quality of information




H1(college) =6

The skill:
Indexing pages
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om surfer on the web
opularity = probability to be in a page

probability to be in lemonde.fr is larger than that of bein
nal page of Madame Michu




Open

ies are too simplistic
imitive language with almost no grammar: list of keywords
ecise result: list of pages

implistic
rity; how about origi




Relational systems
How did we get there?

ovement of a
Abstract data model

Mathematics

Informatics Relational calculu

Query optimi

Engineering

Hardware progress




Web search engines
How did we get there?

provement of a
onality or a new Better ranking of pages

PageRank fixpoint defi

Mathematics _
The use of massive

Informatics Running cl

Engineering

Hardware progress




ne pas avoir de réseau: that’s the question.

ievements for the 20th century




After the networks of machines, the
networks of contents, the networks of users

The web is not just for obtaining data
Everyone can participate: tweets, Wikipedia, mashups

Keywords: interaction, communities, communication, networks
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the opinion of the internaut

litative (“perfect for dating”)
ers grade vendors




uality of information

lity of information sources
ent work on corroboration
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Use web data for deriving recommendations
— Meetic organizes dates
— Netflix suggests movies
— Amazon suggests books

Statistical analysis to discover “proximities”
— Between customers in Meetic
— Between customers and products in Netflix or Amazon

amazon
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WIKIPEDIA

L'encyclopédie libre

arger spectrum than a traditiona
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' Publish questions @ Internauts provide

_ Mechanical Turk of Amazon

- — Reference to "The Turk," a chess-playing automaton of the 18th
century

Foldit: decoding the structure of an el
— 1 virus
- Unyderstand how the enzyme foldsw
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— Game




tical analysis
On large volume of data and users

ed to verify information, evaluate its quality, resolve co

anation
bad at explaining choices resulting fro




he tree of the knowledge of good and evil, thou shalt not
the day that thou eatest thereof thou shalt surely die.
Gene

ievements for the 20th century
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dge

e web of text is based on the fact that people like to read,
rite, speak, listen to text

lines understand better more formatted knowledge

Knowledge

Je suis presque certain que Likes(Bob, Alice, 95%)
Bob est amoureux d’Alice
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emantic annotations to specify the meaning of docum

rge Abiteboul ; title = Sciences des données
inaugurale ; date = Mars 2012 ; langua
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| sentences such as:
sses sa:Person, sa:Director, sa:Film
irector subclass of sa:Person
jie synonymous of sa:Film
len is a sa:Director



like to publish on the web in their natural languages
not appreciate the constraints of a knowledge editor
to keep their visibility

ill often be generated automatically

tic forms such as
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g facts such as
ycho is a Hitchcock movie and Alice saw Psycho

les such as
ToSee( Alice, t ) « Film( t, Hitchcock, a ), not Seen( Alice,
“intentional” facts such as
ike to see the movie Psycho

becomes more complicate
id inferring all th




is the wisdom we have lost in knowledge ? Where is the
ge we have lost in information ? 1)

uction
ievements for the 20th century
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ry, health, culture, government, science, ecology ...

all the vio
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tdated view 1: hypertext
ated view 2: universal library
other webs




risks

dangers
ThAa At+falle AF LA varalh traps
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pitfalls

Avoid drowning in an ocean of data
This has been one the threads of this presentation

Access to information for all

[UTILISATEURS D'INTERNET en 2003 |
D‘G B e

— Social divide

CREDOC 2009: in France,

40% of the population never uses
computers

— North/south
— Teaching of
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Discrétisation "

standardisé 4 P4
tandardizsee
I IC3 = 35.86< 87.9 '
B = 57.9 < 172.2 UNITES :

nts

computer science

utilisateurs pour 1000 habhita

k 5/29/2012 B = 172.2 < 256.5 SOURCE:

B > 256.5 £ 603.4 RAMSES 2005







on is very difficult, especially about the future.

And tomorrow...




scientific aspects

of data sciences has already started:
The web of knowledge
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