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A learnability problem

« How do you learn lexical/underlying
representations (i.e. hidden structure)
from surface forms?

* In e.g. phonology:
— How do children acquire allomorphy?

— How do children acquire the right
segmentation?
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Proposal

» Bootstrapping into the lexicon with
morphemic and phonological information

» Lexical representations are encoded as
constraints — Direct interaction with the
grammar

« Lexical constraints are ranked as other
constraints — No specific learning
mechanism for acquiring the lexicon

* Acquisition of lexicon and grammar proceeds
iIn an online fashion
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. |Onmset|*C.C
< |atpen|/apen/| |

lan+pen| /anpen/| | *I

. |Onset|*C.C
latoak| faok/ | *1 |
& |an+oak| /a.nok/| |










| [|Faith | Onset|*C.C

/.bi.gok./
|bi+gok| | /.bi.gok./




lunderlying representation|




Positive lexical constraints

<IndefArt> is |a|
<IndefArt> is |an|

/[.a.nok./ <oak> is Inok
<oak> is |okK|

/.bi.gok./ <o.ak>.|s qul
<big> is |bi|

<big> is |big|
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<IndefArt+oak> <IndefArt> | <IndefArt> | <oak> | <oak>
/.a.nok./ |a| |an| |ok| |nok|

9 |a+noak| | 9 |a+noak]| /.a.nok./

__-—---

<IndefArt+oak> <IndefArt> | <IndefArt> | <oak> | <oak>
Ial Ianl IokI Inokl

|a+oak| / a.ok./

———---
— Jaoak|fanoks | T |




<big+oak> /.bi.gok./ | <big> | <big> | <oak> | <oak> | *C.C | Onset | Faith
big bi nok ok

bi+goak| /.bigok/| *t | | * |} < o |

D big+oak|/bigok/] | * | * | | | | |

big bi nok ok
| |bi+goak|/bigok/| ** | | o ] o+ | ]
— Jjbigroakl/bigok/| | * [ - | | [ [
Shigroakl /bignok/ | | * | | = [ <" [ |




Ingredients to modelling

» Constraint set (faithfulness, structural
and lexical)

* Training data (pairs of surface forms
and morphemic information)

 Learning algorithm (gradual)
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Settings

* Praat (Boersma & Weenink 2007/2008)

* GLA, Stochastic OT

« OTMulti default settings

* |nitial randomized ranking

* 400 000 pieces of training data, randomized
* Decreasing plasticity, evaluation noise

11 virtual learners
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Results: 9 successful learners

IndefArt+oak |an+oak| /.a.nok./] >98.6%
IndefArt+oak |a+noak]| /.a.nok./ <1.4%

IndefArt+pen |a+pen| /.a.pen./  >99.9%
big+oak |big+oak| /.bi.gok./ >99.9%
big+pen |big+pen| /.big.pen./ >99.9%
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<big> | big]
FaiTH

ONSET
<oak> | ok
*C.C

<pen> | pen|
<INDEFART> |a|
<oak> |nok|
<INDEFART> |an|
<pen> |gpen|
<opak> |gok|
<big> | bi

117.505
118.706
115.087
110.818
106.268
106.087
104.982
99.399
95.018
93.913
89.783
82.495

121.837
120.570
115.633
111.082
108.195
105.979
103.426
100.183
95.273
93.334
92.760
85.188




117.1

1159

1105

105.6

1039

96.1

<INDEFARTHO0ak>

<INpDEFART+0ak> |atoak| /.a.0k./

FaitH

ONSET

<pak>
| ok|

*C.C

<INDEFART>
al

<[NDEFART>
|an|

<INDEFART+0ak> |a+oak| /.a.70k. /

<INpDEFART+o0ak> |a+noak| /.anok./

<INDEFART+0ak> |a+noak| /.a.0k./

<INDEFART+H0aK> |a+goak| /.a.gok./

<INpDEFART+0ak™> |a+goak| [ .a.0k./

I  <InpEFART+oak> |antoak| /.a.nok./

<INpEFART+0ak™> |ant+oak| /.a.0k./

<INpDEFART+0ak> |an+noak| /.an.nok./

<INDEFART+0aK> |an+noak| /.a.nok./

<INpDEFART+0ak> |antnoak| /.a.ok./

<InpEFART+oak> |antgoak| /.an.gok./

<INpDEFART+0aK> |ant+goak| [.a.gok./

<INpDEFART+o0ak> |antgoak| /.a.0k./

<INDEFART+oak> |bip+oak| /.bi.pok./










Results: 2 failed learners

<big+oak>

<big+pen>

3/17/09

big+oak| /.bi.gok./

big+noak
big+noak
big+noak

big+pen
big+pen
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/.bi.nok./
/.bi.gok./
/.big.nok./

/.big.pen./
/.bi.pen./
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<big> | big|
<oak> |nok|
<pen> | pen|
<INDEFART> |an|
<oak> |ok|

ONSET
<INDEFART> |a|
<pen> | gpen|
<oak> |gok
<big> | b
*C.C
Fairu

105.880
105.492
104.893
100.622
100.000
95.107
94.508
93.498
93.184
91.800
89.874

sharmony
106.8516
105880
105.492
104,893
100.622
100.000
95.107
94.508
93.49%
93.184
91.800
59.874

plasticity

1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000




106.8 1055 100.0 945 9332 O1.8 B9

|big| | [pen]| |gpen| | |bi
<big+pen> |big+pen| /.big.pen. /

= <big+pen> |big+pen| /.bi.pen

<big+pen> |big+gpen| /.big.gpen

pen i /
e /i




Implications

Lexicon as computation/constraint ranking —
enables direct interaction with the grammar
Acquiring a lexicon proceeds as acquiring the
grammar — no specific learning mechanism
needed (cf. Tesar et al. 2003)

Proceeds online; lexicon and grammar can be
acquired simultaneously

One grammar and lexicon at a time (cf.
Jarosz 2006)

Positive lexical constraints reduce the number
of possible underlying forms in learning
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