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Introduction

» How do we learn over non-linear phonological structures?
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Introduction

» Autosegmental phonological representations (APRs)cStir
important insights in phonology (McCarthy, 2010; de Lacy,
2011; Walker, 2014, etc.), especially in tone (Hyman, 2011,
2014)

» APRs capture long-distance patterns locally (Odden 1994;
Jardine, forthcoming)

» There is cross-linguistic variation in what constitutesabhd’/APR
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Introduction

» Grammatical inference (de la Higuera, 2010) gives us ways to
learn grammars organized aroudal substructures(Garcia
et al. 1990; Heinz 2010a; Jardine and Heinz accepted)

» “Learning” = exact convergence in the limit in polynomiaht
from positive data (de la Higuera, 1997)

4/33



Introduction

» This talk extends this idea of learning local substructtioes
APRs

» By invoking grammars organized arousdbgraphs we can
learn

» language-specific well-formedness constraints on APRs
» long-distance generalizations for which no proven leaexésts
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Computational locality (strings)

blick vs. *bnick
Constraint: *bn
This is aforbidden substructure constraint

" [#[b]n]

#b[Mr[k[#  [FRIn]:[k[#

v

v

v

v

#bnis a3-factor of * #bruk# (but not#blik#)

Formal languages described with forbiddefactors are the
Strictly k-Local (SL) languages(McNaughton and Papert,
1971)

v
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Computational locality (strings)

Learning forbidden substructure constraints (strings)

» Fix k
f ack(w) = {u| uis ak-factor ofw}

fack(D) = | fack(w)

» Let Fy be the set of all possiblefactors
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Computational locality (strings)

Learning forbidden substructure constraints (strings)

» Learner based ohacy:
Time Datum Grammar

(start)

0 Wo
1 W1
2 W»o
n Wh

F

Fk —f aCk({Wo})

Fx — f ack({wo, w1 })

Fk — f ack({wo, w1, W2})

Fr — f ack({wo, Wi, W, ..., Wn})

» Fact For any target grammds of forbiddenk-factors, there is
some data point; for which the learner converges @(Garcia
et al., 1990; Heinz, 2010b)

» facg(D) calculated in time linear in size @
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Computational locality (strings)

» SL languages are are learnable in the limit in polynomiaktim
from positive data

» Tier-based Strictly k-Local (TSL) languagesare also so
learnable, even without prior knowledge of the tier (Jaecand
Heinz, accepted)
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Tone and non-linear phonology

» Tone seems to need some representation beyond strings (Hyma
2014)

» Some tone patterns (e.g., Hirosaki Japanese) are beyorat pow
of even TSL grammars (Jardine, forthcoming)

» How do we learn over non-linear representations?

» First step:local theory of constraints for non-linear
representations
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Tone and non-linear phonology

Mende word tone (Leben, 1973; Goldsmith, 1976; Leben, 1978)
H a s H ‘war b.pélé HH ‘house’ c.hawama HHH ‘waist’
L dkpa L ‘debt e. Bl LL ‘pants’ f. kpakali LLL ‘stool’

HL g.mbl F ‘ow  h.ngila HL ‘dog’ i. felamad  HLL ‘junctioh
LH j.mba R ‘rice’ k.nika LH ‘cow |. ndavila LHH ‘sling’
LHL m.mba R-F ‘comp. n.nyaha LF ‘woman’ o. nikili LHL ¢

*LLH, *HHL, *RH, *RHH, etc.
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Tone and non-linear phonology

Mende word tone (Leben, 1973; Goldsmith, 1976; Leben, 1978)
H a kb H ‘war b. pédlé¢  HH ‘house’ c.hawama HHH ‘waist’
L d.kpa L ‘debt e.Bl¢ LL ‘pants’ f. kpakali LLL ‘stool’

HL g.mbhd F ‘owl h.ngila HL ‘dog’ i. felama  HLL ‘juncton’
LH j.mba R ‘rice’ k. nika LH ‘cow I. ndavila LHH ‘sling’
LHL m. mba R-F ‘comp. n.nyahd LF ‘woman’ o. nikili LH ‘nut’

*LLH, *HHL, *RH, *RHH, etc.
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Tone and non-linear phonology

Hausa tone-integrating suffixegyNewman, 1986, 2000)

a. jaa H ‘pull’ b. jiraa HH ‘waitfor c. béebiyaa HHH  &hf mute’
c.waa L ‘who?" d. mace LL  ‘woman’ e.zamfara LLL  ‘Zamtd
f.jaakii LH ‘donkey’ g.jiminGu HHL ‘ostriches’ h. Hdbabbaki LLLH ‘roasted’
i. faadi HL ‘fall j. hantinda LLH ‘noses’ k. bUhtnimaa HHHL ‘sacks’

|. manta FH ‘forget’ m. karanta HLH ‘read’ n. kakl@mta HHLH ‘reread’
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Tone and non-linear phonology

Hausa tone-integrating suffixeYNewman, 1986, 2000)

a. jaa H ‘pull’ b. jiraa HH ‘waitfor c. béebiyaa HHH  &®hf mute’
c.waa L ‘who? d. mace LL  ‘woman’ e.zamfara LLL  ‘Zanrtt
f.jaakii LH ‘donkey’ g.jiminGu HHL ‘ostriches’ h. dababbakl LLLH ‘roasted’
i. faadi HL ‘fall j. hanttnaa LLH ‘noses’ k. blhGnimaa HHHL ‘sacks’
|. manta FH ‘forget’ m. karanta HLH ‘read’ n. kakl@mta HHLH ‘reread’
HLH HLH HLH
o o o o O o o O O
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Tone and non-linear phonology

Kukuya word tone (Hyman, 1987; Zoll, 2003)
a. ka to pick’ F b. sama ‘conversation’ HL c. karagatangled’ HLL

d. sa ‘knot’ R  e. kara ‘paralytic’ LH f. Mamngi ‘brother LLH
g. ba‘palms’ H  h. baga ‘show knives’ HH i. balaga ‘feic HHH
j. bvTfalls’ R-F k. pali ‘goes out’ LF | kalgi ‘turns’ LHL
H L L H *L H
o o o o o o o o o
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Tone and non-linear phonology

Previous approaches:

» Rule-based frameworks parameterized directionality. (e.g
Archangeli and Pulleyblank, 1994) and employed language
specific rules for quality-dependent spreading (Hymany/198

» Zoll (2003) captures these with violable constraints in OT;
*CLASH for Kukuya, ALIGN for directionality

» Unclear how rules are learned

» ALIGN overgenerates (Eisner, 1997) and cannot capture

‘edge-in’ patterns like in N. Karanga Shona (Hewitt and Bein
1989; Zoll, 2003)
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Computational locality (APRS)

» All of these patterns arecal
» What is a substructure in an APR?

H L
AN

g 0 O

» APRs areggraphs (Goldsmith, 1976; Coleman and Local, 1991)
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Computational locality (APRS)

» Let asubgraphbe some finite, connected piece of a graph

ore O-@
ole ofo"e.e‘e

» Letk be number of nodes
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Computational locality (APRS)

» A local grammar specifies setsfofbidden subgraphs
{s1,%, ..., S}, Wwhere eacls; is a subgraph

» This is a set ofnviolable andlanguage-specificonstraints
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Case study: Mende

Spreading in Mende

%\IFHZ SNF-2 = G Q
O @

& &
79
:\\a*a 303\6
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Case study: Mende

Contours in Mende

svr-cont=(H) (L)

QOO QO
‘o\\o\e

» c.f. Zhang (2000)
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Case study: Mende

Melody constraint in Mende
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Local language-specific well-formedness

» Mende grammar{SyLH, SNF-Cont Sr-H2» SNF-12)

> k = 4

» Language-specific constraints in Hausa, Kukuya, N. Karafiga
local in this way (Jardine and Heinz, AMP)

» Long-distance patterns, like Hirosaki Japanese, are ol
APRs (Jardine, forthcoming)

» Because they are local, do not overgenerate likesA
» These constraints atanguage-specific
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Learning local APR constraints

» Fixk
subgy(g) = {9 sis ak-subgraph ofj}

subg(D) = | J subg(g)
ges

» Let S be the set of all possiblesubgraphs
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Learning local APR constraints

» Learner based osubgy:
Time Datum Grammar

(start) Y

0 % S — subgk({go})

1 01 S — subgk({9o, 01})

2 02 S — subgy({o, 91, 92})

n Gh S — subgk({9o, 91,92, -, On})

» Fact: For any target grammds of forbiddenk-subgraphs, there
is some data poirg; for which the learner converges &

» Conjecture: subgy(D) runs in polynomial time (Ferrera, 2013)
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Learning local APR constraints

A note on the input data

» Given correspondence of string symbols to graph primitives
input can be strings (Jardine and Heinz, 2015)
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Discussion/conclusions

v

This method learns autosegmental constraints

v

This is thanks to @heory of constraints which captures the
typology of tone patternmcally

This theory is sufficient, yet does not overgenerate

v

v

It is able to capture long-distance patterns
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Discussion/conclusions

» We can extend ideas to other non-string based represerahtio
theories, such as Optimal Domains Theory (Cassimjee and
Kisseberth, 2001), correspondence theory (Rose and Walker
2004; shih and Inkelas, 2014), and others.

» We can extend idea of locality to learning APR transfornragio
(ala Chandlee, 2014, et seq.)
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Hirosaki Japanese (Haraguchi, 1977)

v

Exactly one H or F-toned mora in every word

In Lpy Not in LHy

H, F, LH, LF, HL, L, LL, HH, HF,
LLH, LLF, LHL, HLL, LLL, FLL, LFL, HLF,
LLLH, LLLF, LLHL, LHLL, LLLL, LLFL, LFLL,
HLLL, ... FLLL, HLLF, ...

v

F can only be word final
No k can exclude a word'it?

v

v

One-H generalization is TSL, but final F is SL
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Hirosaki Japanese

» Over APRs, HJ describable with

{ SHLH, SNF-Cont SiL#, Sz}
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