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Sjmbotf.c Automaba — SFAs

o Finite state automata o Concise
o Defined w.rt. a Boolean algebra o Reason about infinite domains

o Trawnsitions are over Fredico&es
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Mownotonic Al.gebras

o Predicaktes corre.spov\d to a total order
over the domain elements

® [yl={d|a<d< b}

o Monotonic: Interval algebras (over
N, Z, R
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Mownotonic ALSQbT‘O«S Propositional
algebra

o Predicaktes corre.spov\d to a total order|| o Predicates are

over the domain elements Boolean
combinations of
° [y] ={d|a <d< b} atomic
Propositi.ov\s

o Mownolonic: Interval algebras (over
N,Z,R ) ® (p1ADY) NV (TP AD3)

o Not mownoctownic!




Automata Learning

® Active learning - L™ style learning rangluin 1971

o Passive learning



Automata Learning

@ Active learning - i stjl.e. Learv\i.ng [Angluin 19%7]

o Passive learning



Automata Learning

2 Active Learvxihg - L* Stvle Lean*hi.\«\g [Angluin 19%7]

o Passive learning . 1)
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Learnability of o Class of
langquages via Represenl:a&i.ovx R

o Different representations of o regular
anguages —
La\hguages DFAs, NFAs

A class of languages & is learnable o g,

via representation in # if there is algorithm for

an algorithm ALG such that we can {QS“L” .
QV\SU.QSQS VLA

QPFL‘:’ ALG to learn a represeu&a&ov\ representation
n % for every language in & in DFAs



Active Learning of SFAs

o Positive resulks

o Learhing of SFAs over monotonic algebras using
me.mbe.rskip and equivalence queries

o [Maler & Mens 2014 ], [Maler & Mens 2017]
o [Chubachi, Diptarama, Yoshinaka, Shinohara 2017]
® MAT* algorithm for learhing SFAs

o [Argyros & D’‘Antoni 201%]




@ Active Learning of SFAs

o First negative resulkt
3 Necessa\rv condition:

o We can polynomially learn SFAs over a Boolean
algebra o using membership and equivalence queries

only if we can polynomially learn the predicates of o
using membership and equivalence queries

—> SFAs over the Proposi&ionad. ad.ge.bra are wot

Pol.jvxomioj.tv learnable @
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Identification in the Limit Using
‘Fotjhomiat Time and Daka

seb Characteristic P
S 44—

[Gold 197%, de Lo Higuera 1997]



Identification in the Limit Using
‘Potvv\omiad. Time and Daka

set Characteristic P
¢ | 4«—

set sek Inf
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[Gold 197%, de la Higuera 1997]




Identification in the Limit Using
Polynomial Time and Data

Characteristic -%v\/;‘é)

e 0035

[Gold 197%, de la Higuera 1997]




Identification in the Limit Using
Polynomial Time and Daka
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[Gold 197%, de la Higuera 1997]




Identification in the Limit Using
‘Potvv\omiad. Time and Daka

set Characteristic T~
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[Gold 197%, de la Higuera 1997]




Identification in the Limit Using
‘Potvv\omiad. Time and Daka
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Identification in the Limit Using
Polynomial Time and Data

sek Characteristic

[Gold 197%, de la Higuera 1997]



Identification in the Limit
for DFAs

e InferDFA
S8 CharDFA
Cowncrete SauMFLe. set DFA

[OncinagtGarcia 1992]



Identification in the Limit
for SFAs - CharSFA

o Learhing with respect to the concrete alphabet

o Creating a set of concrete words
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Identification in the Limit
for SFAs - CharSFA

o Learning with respect to the concrete alphabet

o Crealting a set of concrete words
@ concretize({(yq, ..., ¥,)) = Iy, ..., 1) O\&
o concretize({[0,100), [100,00))) = ({0}, {100})
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Identification in the Limit
for SFAs - CharSFA

o Creating a set of concrete words

. - :4-;‘ “ )

s “§ ‘.: "\',..
{se& L)"' -
‘0 2y i

_", <4 T "" '-

- ' AN
: . G Aﬁ

CharDFA

gy

Cowncrete Sam Fl.e. sekl

DFA Cowncretize



Identification in the Limit
for SFAs - InferSFA

InferDFA
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Concrete Sam PLe. sek DFA




Identification in the Limit
for SFAs - InferSFA

InferDFA
e

/“\
LY e
W

Concrete Sampl.e. sek DFA C(seneralize




Identification in the Limit
for SFAs - InferSFA

® generalize((I'y,...,I",)) = (v, ...y,) Q%
@ generalize(({0}, {100})) = ([0,100), [100,00))
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Identification in the Limit
for SFAs - InferSFA

InferDFA
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Identification in the Limit
for SFAs - InferSFA
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Identification in the Limit
for SFAs - InferSFA
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Identification in the Limit
for SFAs - InferSFA

o Additional aLPkabe& adds confusion

(e, L ),(0,T),(100,T)

i)
....+ .....; (0-0,T),(100-0,L)
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Identification in the Limit
for SFAs - InferSFA

X) Decontaminate

Concrete Sam Fl.e. sekl DFA



Identification in the Limit
for SFAs - InferSFA
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The Whole Process
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Sufficient Condition
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Nece.ssan*v Condition
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Sum mary

o Active Learning

3 Ne.cessawv condition

o SFAs over the
Frorosi&i.ovml atgebra
are wot Pobjhomiad.l.v
learnable




Sum MATY

o Passive Learning

o

Necessary condition & sufficient
condition for learhing SFAs

SFAs over the propositional algebra
are not polynomially learnable

Learning alqorithm for SFAs over
monholonic algebras

Learning scheme for the paradigm
of identification in the Limit ofa
SFAs



THANK Y0U!

> Active Learning o Passive Leariing

o Necessary condrbiam © Necessary condition % sufficient
condition for learning SFAs
o SFAs over the
Proposi&iovxat atgebra
are wnot Fotjnomiau.j
learnable

o SFAs over the proposi&iouat atgebra
are wnot Pol.jv\o_ﬂgi.qttv Learvm_bte

o Learning aLgoi:i;Ekabr SFAs over
monotonic aLgebras

Learning scheme for the paradigm
of identification in the Limik o{-g

Questions? SFAS



