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Nowadays, there are several probabilistic (stochastic) language models such as
Hidden Markov Model, Markov Chain, Probabilistic Automaton, etc. Most of recent
researches on probabilistic models are to improve how to construct a static learning model.
However, some work use dynamic mechanism to learn and update. In practice, we need a
dynamic model which should be easier and faster to induce, and it should be able to update
in real time. We are interested in a madel which is able to learn from continuous data stream
without prior knowledge or finite length of input. In this research, Identification in the limit is a
learning criterion. We propose a novel probabilistic automaton named stochastic finite
precedent automaton and its induction algorithm. Particularly, its induction or update
algorithm can perform in an on-line mode within polynomial time complexity while the size of

the model is dependent on the context of data.
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Tne p Henuaruazfulunisdeiiuainaniue g framgnisnd x, arnnsnAtuansls

AMNANNIT

V(g%
Y(q, . #)

plg,,x)=

a A ?/ 3 dldy b4 1 dl = 1 | a d’l 1 o
Ineitiena o AeanuzAslnRlaun & Tianuazduluniniinaesaniusil windu

1WAz Y g, #) WiuAIND N LN IaRIWNIMAN1TRIaNANIUL g,
3.5 aanasnalumsisaug

Tuihdetazisuadanasnumn i lunnsGauddeeasnisuuuimannss  Tnaendundnnig
annen LM) Reanuut ¥anafiaasfinatalddnesiu Inadane3iuiildadn (Dynamic On-

line Inductive Inference) WWaulagtiadn DO (g-9) Tnan@snazlinieudinisizauine ain

uwpginaalanmBdnasEtinn Tnemusiazanuzazgnaantelifaaadnuszy
uanEaMIN I fisuiuealnuang wazalnuaannaalnNinIarlanue BusuiNeaanue
= d“l dl % ya o o o 1 o o = o a KR

RENTIYNAAINTRAE & 197 WHENNAIANTARINAINT LAHNANEITATIENTRITANETNN

sasia i

WeNn 3.16 Awiualy anvseh [ lunsiseianarasnussla o sundsd t unulanas

¥ d’ % a = 1 a .
s, wazWilamaesaniusiazdaanaIsas. o 1981 t lagiFenda anusueani (active state)
unuléaag ac, = {(xe) L., lntil e €X uas e= s, uae x € ac,, } L/E'L) laail (€71}

=ac,
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X . if k>1
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#a,9,)= & iftk=1or k=nul [ kiluarwsinsausl en-1.

enn 3.19 muuald x 'L, € ac, n1sdveInazsand anushignaexsuan x, 'L, 1u

9 pn(x,” L,) dazmsnisad s, neawe @ (x,' Ly, pnx,’ L) = @ pn(x," L)) lunsdin

@(pn(x,” L) # {} v7e gansumnaialunsain @ pn(x, L)) ={}
fenui 3.20 Tunsilii ¢ o L, pnx, L) Z @pnix, L)) uaz @(pn(x,’ L )Z {}
ipridegnaniue pn(x,” L, ) dudnutlu anusndendasuaunigs unulanaeq,
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Learning Algorithm ( Dynamic online identify induction) DO": Do-Two

Input : Strings

Output : SFPA

Initialization: ac, ={&}, Q={}, 2.={}
WHILE s, < > End of input stream DO

{ Add &toac,,; /add Eto active state

PR, {s,}; // add s, toalphabet

WHILE ac, <> {} DO

{ pick minimize x_ L, from ac, ;
ac, —{ an1 L}
IF 7 xn'7 L,,s,)=NULL AND ,on(xn'7 L,)=NULL THEN // there is no transition
{ QUIxs) L,;/ create new state
(4t xn’7 L,,s )= (xnst)’7 L, ; /I add a new transition

ac,,, U (x.s)" L,;// add a new state to active state set



pnix..." L,.,)=(xs)" L,/ setapossible next state

-1
IF (x, L, =lastof ac,)

o( pnix, " L,)) = ¢ L, pnx ' L)) ; Y create a precedent function

ELSE IF 7(x,  L,, s,)=NULL AND pn(x," L,)<>NULL THEN // there is a

possible next state

{ IF pn(x,’ L,) <> q, THEN // if a possible next state can be a destination

state for some transition (see definition 13, 14)
{ 7(x' Levs,)= pn(x, L,); // add a transition to a possible next state

IF (x,' L, = lastof ac,)

Q( ,on(xn'7 L)) = ¢ (xn'1 ) ) ,on(xn_7 L,)) ;} // add precedent function
ELSE // ,on(xn‘7 L,) = g, a possible next state is a state need to modify

{ QU(Kxs) L, ; // create new state

T(x " L,,s,)=(xs) L, ;I add anew transition

ac,,, Y (xnst)'7 L,;// add a new state to active state set

ac,, Y q.; // add a state need to modify to active state set
pn(x,.. L,.,) =(xs)" L,/ seta possible next state
MODIFY(pn(x," L,)); }
ELSE
{n xn’1 L,s )= xn’7 L,, s, )+1; Y/increment next symbol frequency function by 1
} // end while
MODIFY (pn(x,” L,))
{ Qo L)="€"1
Q, U Lnew ; I see definition of Lnew in definition 8
T(v’1L,, e) = W’1L, Vv € Lnew, We C,;

W_th = clone(pn(xn'1 L)) Vw E Lnew ;
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([)(‘L'(,on(xn'7 L), e))= ¢ (mc'7 L,, ‘L'(,on(xn'7 L,),e)) /I mc=minimize
candidate, edit new precedent function

y(v 'Le)®y(pn(x La)
y(x, e

~

—1
For Va where T(on(x," L,), a) exist yw L,a)

}
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