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Qutline

o(f(x)) =0
/ S
given task to be learned

What about a joint discovery of ¢ and f?

o f=0
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Unilateral and bilateral constraints
Vi(f(z)) > 0

¢i(z) = (=¥(2))4 = [¥(x) > O¢p(z)

Let’s play with bilateral constraints ...
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Quite tricky ...

y = f(z) = Az (A, B) ~ (P~ A, PB)
-

? / z = BPP—lA:p: 2= BAzx
O(f(x)) = BAx ool

]
y =P 'Ax y = Ax
if ¢(f(x)) = BAz =0
the same holds for BPP—1 A :z:
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Formulation of Learning

f:XCR*>YCcRYando: Y CR" — Z C R™

AcC H2 and B ¢ N2 \

£(X) C y knowledge map
perceptual space concept space quantization over all

the perceptual space

Ve e X: of Hgbz -

Ve e X ¢i(f(z ))_o, i=1,...,m

I<m<m Q,=4%, i=1,....,m < m}
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Covering of the perceptual space

ve e R \/ Iy (z)=Tx(z)
XiCQaz

CX:{(f,qb)E.AXB: Vo € RY: \/ ]IXZ.(CE‘)Z]L‘V(CC)}

X;COyx
¢ f < pof=0

sJied JusnJsuod

VEe F;: ¢;(f)=0, i=1,...,m

SAILAB - 9 Jan 2019



Example

X={(zx) eR’: ((-2<z1 <2)A(22=0)V ((z1 =0)A(22>0))}
t
s f1(21, T2) = [|71] < 1]

1
fa(x1,22) = {—2<$1<—§

.5131:132 [ <x1 <2

f4<x1,x2>:[(_; VY (20)

——
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Example (con’t)
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X=X UAX UAX;

Cx = Ix cover

... supercover



So far ...
learning from constraints

. . we need parsimony ...
fx = argmin [/ f|
feCx (‘?5)
small || f|
given ...
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“Rules” and constraints

——
rule/neuron rules T

e~ ¢i(f(2)) I
PR:Z|X:£U(¢ O f) — Z?;l 6—¢j(f(x)) tasks T

probabilistic normalization
e—¢i(f(x))

d$PX($)PR=iX:x(¢Of):/ dx ( —~ |px(x
;L | X ] j 16 ng(f( ))

1=

Pr_i(éo f) = /X d2px () Proiix—s(® o )
= Z PR=i|X= :13,1(¢Of) <PR:73(¢OJF)>D

ZBRED
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Mutual Information /x| g
Hpx(¢o f) = Exg|—log P x|

_ /X dzpx (z) ZPR:i\X:x(¢ o f)1og Pr—jjx=z(¢ 0 f)
i=1

= — ;: ;:PR:ﬂX:a:m(qbof) logPR:ﬂX:xm(qbof)'

T.€D 1=1

Hp(¢o f) = ZPR i(¢ 0 f)log Pr=i(¢ o [)

Ixr(¢of)=Hg(¢pof)—Hpgx(pof)

Ixr(¢0 f) < Hr(¢o f) < logm
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MMI

(f*,¢") = argmax Ix gr(¢o f)
(f,0)eAXB

(%) = arg min. || f|| ——— parsimony
(f,0)eCx (f,9*)

¢*(f*) = argmin (B¢*]| — Ix,r(¢* o f))
(f:8)€Cx (f*.)

information-based index
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MMI Stage-based learning

QbO, :fa(%()% Cbi((fg); 9
(@30, 05()]
f3(63), 95(f2)],

Fra(ha) R(F20)],
(L), b (F5)].
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Developmental function

D(f,¢) = [I(f, o)l = Ix,r(¢ 0 f)

( . ) — argmin D(f, 6)
(f,9)eCx

o(f(z)) = ¢s(f(2)) - du(f(2))

o

given constraints learned constraints
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Lagrangian approach by using neural nets



