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Company Vision >/\

~obayes
* Incompleteness: inescapable difficulty of complex problem

e Uncertainty: unavoidable consequence of incompleteness

Bayesian Probability:
an alternative to Logic
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Question

¢ Lebeltel et al. 2003, Autonomous robots

Bayesian Programming N
Specification bayes
— Variables
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— Decomposition (Conditional Independance Hypothesis)
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— Parametric Forms
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— Learning from instances

Bayesian Programming (2) >/\
bayes

* Calling Bayesian Subroutines

* Bayesian Program if-then-else

* Bayesian Program Sequencing

* Bayesian Program Iteration

* Using Functions




Related Approaches >%

More general




ProBT® (2)

[ J
main () //Construction de P(time | id)
) n T il Probayes
{ plKernelTable Pt_id(time,id);
//Variables plvalues t_and id(time”id);

plFloat read time; = gl dslliel] = 07

plIntegerType m@ehd- munmng on the folowing systenis’: -

t_and_id[i

plFloat times[5] = 0}y
AN ST typ Pt_id.push(P_t bill,t and id);

plSymbol id("id", ld,t{[-bh)llx

plSymbol time ("time",time type); //Decomposition
1nux // P(time id) = P(id) P(time | id)
i 1JointDistribution
//Parametricaly P

jd(time”~id, P_id*Pt_id);
//Construction of P(id)

prezonvaie salnterpretedsversions (un ler development) :
piezobrsbie P99 tmalab (Collaboratlanlwuh PRIMA): | cine)

//Construction of P‘tP ﬂmﬁ john) plCndKernel Pid t;
plProbValue tijohnidisty jd.ask(Pid_t,id, time);
{20,30,10,5,2};

plProbTable P_t_ john(time,t_john_dist); //Read a time from the key board
//Construction of P(time | id = bill) cout<<"P(id, time)= "<<Pid_t<<"\n";
plProbvValue t _bill dist[5] = cout<<"Time? : ";

{2,6,10,40,20}; cin>>read time;

plProbTable P_t bill(time,t bill dist);
//Getting P(id | time = read time)
plKernel Pid readTime;

Bayesian Inference Engine (1)2%
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Inference Rules >%
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Question >%
Pr O.b ayes
PKnown)

* Marginalisation (integration)
in high-dimensional space
= Y P(Search a Free| Known)

78 * Searching the modes in high-
dimensional space

| E P(Search A Freea Known)
- P(Known)

Free

2 modes: exact or approximated

= % x YP(Search n Free n Known)

Free

* Symbolic simplification

o3 P(Ll)xP(L2 |R2)x.,.xP(L" I R
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* Numeric computation




Symbolic :
simplification e 3] >%
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Factorization: P(Search! Known) = L [TP(L/18)x S [HP( I 1R)
Z JEJ Freel Lkek
Sum to 1: P(Searcthnown)=%xHP(Lf |Rj)x S HP(LI IR’)
JEJ Free2lIEL

[Bessiére et al. 2003]

Distributivity:
Generalized distributive law [Aji & McEliece2000]
Restrictions successives [Raoult & Smail2003]

1 P(L'”|R’")x > HP(L”IR")x...x >

meM Free4| nEN FreeX

HP(L" IR")

0E0

P(Search | Known) E % X HP(Lj | Rj)x E
JjEeJ Free3|

Numeric computation (exact) >%
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Arithmetic of very small numbers >/\

bayes

* PIFloat a new type of number specific to encode probabilities
* 64 bits representation with 32 bits mantissa

* Very efficient implementation of the corresponding arithmetic

Numeric computation >y
(appI'Oleated) bayes

* MCMC for integration

* Genetic Algorithm to search the modes




MCMC + Annealing 7\
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Multi-Resolution Binary Tree >/\
(MRBT) ok
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Multi-Resolution Binary Tree
(MRBT)

* Very compact representation

* Multi-resolution: more precision in high

probability area
* Very efficient draw

* Incremental and anytime representation

R

Probayes

Bayesian Hardware (1)

R

Probayes
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Bayesian Hardware (2)
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Historic

From fundamental research to industrial applications

*1989 - Premicéres idées

#1995 - Premiére version du moteur d’inférence (LISP)
#1995 - These sur I’incomplétude en robotique (E.
Dedieu)

#1997 - Deuxieme version du moteur d’inférence (LISP)
*1999 - Projet IMAG LAPLACE

1999 - These sur la programmation bayésienne des
robots autonomes (O. Lebeltel)

*1999 - These sur la CAO bayésienne (K. Mekhnacha)
#2000 - Troisiéme version du moteur d’inférence
2001 - Transfert technologique - Incubation de la
société

#2001 - Projet Européen BIBA

#2001 - Regroupement a8 GRAVIR au sein du projet

#2002 - Contrat SGAM

2002 - Projet RNTL télemaintenance

2003 - These sur les cartes bayésiennes (J. Diard)
2003 - These sur la programmation bayésienne des
bras manipulateurs (R. Garcia)

#2003 - Contrat SAMSE

bayes

#2003 - Création de Pro-Bayes (septembre

2003 - These sur la fusion d’informations capteurs
dans les systemes d'assistance a la conduite
automobile (C. Coug)

#2004 - Livre « Bayesian Programming »

2004 - These sur ’acquisition du langage chez le
nourrisson (J. Serkhane)

2004 - These sur le contrdle de véhicule (C.
Pradalier)

2005 - These sur la programmation bayésienne des
robots autonomes (C. Koike)

2005 - These sur la programmation et
I’apprentissage bayésien des avatars dans les jeux
vidéos (R. Lehy)

2005 - These sur la perception de la forme par le
mouvement (F. Colas)

#2006 - These sur la découverte automatisée de
connaissances préalables (P. Danghautier)
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Bayesian Programming

Welcome

Modfied: Monday, January 16, 2006

"The Bayesian revolution is
just beginning”

ProBT Project Presentation
ProBT is a C++ library for developing efficient Bayesian software.

The gosl of PofT st facitate the conatuction of high-performance applcatons witin
yesian programming par

The folloing nstiuions CNRS, 112, L) and [5G hol ol the property rights on

ProBT software. The commercial and industrial exploitation of this software

conceded in an exclusive the Probayes Company.

cither missing or approximate.

SRAVIR sboratory or the frs disrbution
‘the object code of the P PmBT lbrary to the scientific community so that t can be
mmm and educational purposes. For commercial or industrial use

Probayes Company.

To date, ProBT s our main Bayesian prodramming ool snd tastbed eystam. ProsT is
of projects both in the industrial and academic field

computer science to deal with incomplete.
and uncertaininformaton. Bayesian

ndly Appliction Program Interface
(AP() Tor bl Bayesan moteh and (1 nlgh—mfemu- ety e
S

ine (BIE) of all the probability

The ProBT API comprises:

to specify the ta model.
3 A probaity
satistical distyibutions, joint distibutons consiruction and n-dimensional
inequality constraint specification.
5 3

e s i e Ba7esa
Capabiltis: Bayesian hardware and
Bayesian programming languages.

module for parameters identfcation of the

ymonly
Variabies of the model-

‘The ProBT BIE comprises:
B e
‘optimal marginalzation is algorith
Geveloped in collsboration with the the unml!ltv Fercby i Marne b Valke and & part o
the CNRS g1 %
2. An approxi fule composed of

o A set of sampling methods.
Read about more of our recent projects >

[ J
Pbobayes

ProBAYES recrute
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