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- My background

Machine Learning Discrete

Mathematics

= learning Riemannian metrics Fesea rCh " abstract independence

Impreci lities

" object pose estimation

- gait identification = geometric approach to uncertainty theories

= bodypart segmentation " approximation problem



A geometric approach to uncertainty

L En

= belief space: thespace of all the belief functions |
on a given frame )

» it has the shape of a si@

= JEEE Tr. SMC-C '08, Ann. Combinatorics '06, FSS '06,
IDA'09




$ Approximation problem
hEE

how to transform a measure of a certain family into a
different uncertainty measure — can be done geometrically

Probabilities, fuzzy sets, possibilities are
all special cases of b.f.s

f

IEEE Tr. SMC-B '07, IEEE Tr. Fuzzy Systems '07, AMAI '08,
Al '08, IEEE Tr. SMC-B '09
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credal semantics of
Bayesian transformations



Two families of probability
$ transformations (or three..)
LB

s commute with

» Pignistic function i.e. _ o
affine combination

center of mass of
consistent probabilities

« orthogonal projection = Relative plausibility

of b onto P _
int ti of singletons

« intersection ) |
probability Relative belief of

singletons [IEEE TFSO08]

= Relative uncertainty of
s commute with singletons [AMAIOS8]
Dempster's combination



Three different credal sets
L En

=
s each transformation is indeed a transformation of an

upper, lower, or interval probability system
» they have a credal interpretation

T'b) = {p: p(z) > b(z) Yz e O} - D
o) = {p: p(x) < plo(z) Yz € O} - pl
Plo,ply) = {p € P : b(x) < p(x) < ply(z),Yx € O}. — p[b]

» interpretation of the associate transformations?



Bayesian transformations as foci

‘i
\\III

= relative belief =
focus of (P, T!)

s relative
plausibility =
focus of (P, T™1)

s |ntersection
probability =
focus of (T, Tn1)




$ Focus of a pair of simplices
L H

A\
mil |

= different Bayesian transformations can be seen as foci
of a pair of simplices among (P, T, T"1)

= focus = point with the same
simplicial coordinates in the
two simplices

= rationality principle: only
distribution that meet both
constraints in the same way t




$ TBM-like frameworks
L HN

» Transferable Belief Model: belief are represented
as credal sets, decisions made after pignistic
transformation [Smets]

» reasoning frameworks similar to the TBM can be
imagined ...

= ... in which upper, lower, and interval constraints are
repr. as credal sets ...

= ... While decisions are made after appropriate
transformation
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consistent approximations
of belief functions



Consistent belief functions

1
= Bfs are result of aggregation of conflicting pieces of

evidence
consistent bfs <-> consistent knowledge bases

» (cannot derive incompatible conclusions from them)
» BFs whose focal elements have non-empty intersection
= internal conflict is null

L En
|




$ Projection onto a complex
hEE

[
= they live on a simplicial complex

» idea: belief function has a partial approximation on all
simplicial components of CS

Q.b CS

= global solution = best such approximation



The binary case
Li : h={0.17

P
s consistent CS, Plbl=p [b]
case m,(y) "

CS[b]|=c SL:...-[ b]

b=[0,0]" *

w [hl=cc b=[1,0]
CS. L-.%qub —L-.%LEUJJ \

m(x)-mJ(y) m(x) m/(x)tmy/y)



$ Partial L, approximations
L H

mll W
« L, =L, approximations have a simple interpretation

in terms of belief [IEEE TFS07]

W X W

left: a belief function right: its consistent approx
focused on x

« m'(A0x) = m(A) OA



... please come to my posters!
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