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Where  we’ve  been:


• M:	
   	
  PhonotacDcs	
  and	
  alternaDons;	
  Intro	
  to	
  OT	
  

•  T:	
   	
  More	
  on	
  OT	
  (finish	
  up	
  basic	
  mechanics)	
  

• W:	
   	
  Constraint	
  interacDon:	
  TETU	
  +	
  Contrasts	
  +	
  Conspiracies	
  

•  Th:	
   	
  Constraint	
  approaches	
  to	
  within-­‐lg.	
  variaDon	
  I	
  
•  F: 	
  Constraint	
  approaches	
  to	
  within-­‐lg.	
  variaDon	
  II;	
  Wrap-­‐up	
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Where  we’ve  been  


• A	
  short	
  historiography	
  of	
  why	
  phonology	
  when	
  in	
  the	
  constraint	
  
direcDon	
  (M)	
  

• Mechanics	
  of	
  OT	
  (M,	
  T)	
  
•  Some	
  consequences	
  of	
  constraint	
  interacDon	
  (W)	
  
• CROSS-­‐linguisDc	
  variaDon	
  with	
  constraints	
  (W)	
  –	
  so[ware	
  that	
  can	
  
help!	
  OTSo[!	
  

• What	
  about	
  WITHIN-­‐language	
  variaDon?	
  (Th,	
  F)	
  
•  AugmenDng	
  constraints	
  to	
  account	
  for	
  variable	
  pa`erns	
  within	
  a	
  language	
  
•  (See	
  also	
  Yuni	
  Kim’s	
  class	
  here	
  at	
  ACTL!)	
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What  is  varia)on?


• Phonological	
  variaDon:	
  “a	
  situaDon	
  in	
  which	
  a	
  single	
  morpheme	
  can	
  
be	
  realized	
  in	
  more	
  than	
  one	
  phoneDc	
  form	
  in	
  a	
  single	
  
environment.”	
  	
  (Coetzee	
  &	
  Pater,	
  2011)	
  

• Phonological	
  variaDon	
  a	
  central	
  part	
  of	
  current	
  research	
  (see	
  also	
  
Yuni’s	
  class	
  here	
  at	
  ACTL	
  for	
  specific	
  kinds	
  of	
  non-­‐phonological	
  
influences	
  on	
  phonology:	
  morphological	
  influences).	
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Phonological  varia)on


•  The	
  claim	
  here	
  is	
  that	
  variaDon	
  is	
  gramma%cal	
  –	
  i.e.	
  the	
  degree	
  of	
  
variability	
  (so,	
  say,	
  relaDve	
  proporDon	
  of	
  forms)	
  should	
  be	
  modeled	
  in	
  
the	
  grammar	
  

•  It	
  can’t	
  just	
  be	
  boiled	
  down	
  to	
  ‘performance’	
  (vs.	
  ‘competence’)	
  –	
  you	
  
can’t	
  just	
  put	
  this	
  into	
  the	
  bin	
  of	
  ‘performance’	
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Phonological  varia)on  in  phonological  theory


•  Studies	
  of	
  linguisDc	
  variaDon	
  have	
  achieved	
  a	
  high	
  level	
  of	
  quanDtaDve	
  
precision	
  in	
  describing	
  the	
  systemaDc	
  pa`erns	
  of	
  “orderly	
  
heterogeneity"	
  (Weinreich	
  et	
  al.	
  1968,	
  100)	
  that	
  permeate	
  human	
  use	
  of	
  
language.	
  [:::	
  ]	
  With	
  [variable	
  rule]	
  techniques	
  and	
  an	
  impressive	
  body	
  of	
  
empirical	
  studies	
  completed,	
  the	
  field	
  can	
  be	
  said	
  to	
  have	
  achieved	
  a	
  
certain	
  level	
  of	
  descripDve	
  adequacy.	
  This	
  descripDve	
  precision	
  is	
  not	
  
generally	
  matched,	
  however,	
  by	
  explanatory	
  precision.	
  That	
  is,	
  the	
  analyst	
  
usually	
  cannot	
  say	
  why	
  the	
  quanDtaDve	
  values	
  obtained	
  should	
  have	
  the	
  
precise	
  values	
  they	
  do.	
  [:::	
  ]	
  Theories	
  that	
  predict	
  parDcular	
  quanDtaDve	
  
values	
  for	
  linguisDc	
  variables	
  are	
  in	
  very	
  short	
  supply	
  in	
  linguisDcs.	
  The	
  
development	
  of	
  models	
  that	
  have	
  explanatory	
  value	
  in	
  this	
  sense	
  -­‐	
  models	
  
from	
  which	
  one	
  can	
  derive	
  precise	
  quanDtaDve	
  predicDons	
  -­‐	
  is	
  one	
  of	
  the	
  
fundamental	
  challenges	
  facing	
  our	
  discipline	
  (Guy	
  1991a,	
  1-­‐2).	
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Phonological  varia)on  in  phonological  theory


•  “This	
  study	
  is	
  an	
  a`empt	
  to	
  reconcile	
  variaDon	
  with	
  generaDve	
  phonology.	
  It	
  
arose	
  out	
  of	
  the	
  frustraDng	
  experiences	
  I	
  had	
  establishing	
  certain	
  basic	
  facts	
  of	
  
Finnish	
  phonology:	
  rules	
  that	
  were	
  absolutely	
  central	
  to	
  the	
  system	
  someDmes	
  
applied	
  with	
  full	
  force,	
  someDmes	
  they	
  were	
  opDonal.	
  Solving	
  the	
  problem	
  by	
  
labelling	
  these	
  rules	
  “opDonal"	
  did	
  not	
  even	
  begin	
  to	
  work.	
  It	
  was	
  hard	
  to	
  figure	
  
out	
  the	
  environments	
  where	
  opDonality	
  was	
  supposedly	
  invoked	
  and,	
  even	
  
worse,	
  I	
  soon	
  began	
  to	
  realize	
  that	
  I	
  was	
  faced	
  with	
  opDonality	
  of	
  the	
  more-­‐or-­‐
less	
  sort:	
  in	
  many	
  cases	
  several	
  variants	
  were	
  possible,	
  but	
  one	
  of	
  them	
  was	
  
clearly	
  preferred.	
  The	
  crucial	
  problem	
  was	
  how	
  to	
  capture	
  these	
  gradient,	
  yet	
  
robust	
  facts	
  in	
  a	
  generaDve	
  framework.	
  Given	
  theoreDcal	
  linguists'	
  goal	
  of	
  
moving	
  away	
  from	
  rich	
  descripDve	
  devices	
  towards	
  restricDve	
  theories,	
  it	
  was	
  all	
  
the	
  more	
  puzzling	
  to	
  be	
  faced	
  with	
  a	
  phenomenon	
  that	
  current	
  phonological	
  
theories	
  seemed	
  unable	
  even	
  to	
  describe.”	
  (Antla,	
  1997:1)	
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Varia)on


• Within-­‐language	
  phonology	
  –	
  a	
  single	
  morpheme	
  in	
  the	
  same	
  context	
  
can	
  have	
  more	
  than	
  one	
  phonological	
  form.	
  

• Historically	
  –	
  realm	
  of	
  sociolinguists!	
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A  classic  case  of  varia)on:  social/stylis)c  
varia)on


• New	
  York	
  City	
  English,	
  
variaDon	
  in	
  words	
  like	
  three	
  

• Within	
  each	
  social	
  group,	
  
more	
  [θ]	
  as	
  style	
  becomes	
  
more	
  formal	
  

•  Each	
  u`erance	
  of	
  /θ/	
  scored	
  
as	
  0	
  for	
  [θ],	
  100	
  for	
  [t̪]	
  

•  Each	
  speaker	
  gets	
  an	
  overall	
  
average	
  score.	
  

Lots of [t ̪]	
  

Always [θ]	
  

Labov	
  1972	
  p.	
  113	
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Some  common  types  of  varia)on


•  Token	
  variaDon	
  (‘free’	
  variaDon)	
  
•  The	
  same	
  speaker	
  can	
  produce	
  both	
  variants	
  of	
  a	
  given	
  word	
  
•  No	
  differences	
  in	
  meaning	
  (although	
  maybe	
  different	
  stylisDc	
  factors,	
  etc.)	
  
•  One	
  variant	
  may	
  be	
  more	
  frequent,	
  but	
  the	
  rate	
  is	
  the	
  same	
  for	
  all	
  target	
  
morphemes/triggers	
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A  classic  case  of  varia)on:  social/stylis)c  
varia)on


•  Each	
  word	
  with	
  /θ/	
  can	
  vary	
  
•  think:	
  [θɪŋk]	
  ~	
  [t̪ɪŋk]	
  
•  Cathy:	
  [kæθi]	
  ~	
  [kæt̪i]	
  
•  etc.	
  

•  The	
  variaDon	
  can	
  be	
  condiDoned	
  
by	
  various	
  factors	
  

•  style	
  (what	
  Labov	
  looks	
  at	
  here)	
  
•  word	
  frequency	
  
•  part	
  of	
  speech	
  
•  locaDon	
  of	
  stress	
  in	
  word	
  
•  preceding	
  or	
  following	
  sound	
  
•  etc.	
  

Lots of [t ̪]	
  

Always [θ]	
  

Labov	
  1972	
  p.	
  113	
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Some  common  types  of  varia)on


•  Type	
  variaDon	
  (lexical	
  variaDon)	
  
•  A	
  parDcular	
  lexical	
  item	
  has	
  a	
  fixed	
  behaviour	
  	
  
•  So	
  variaDon	
  is	
  across,	
  not	
  between	
  items	
  

•  E.g.	
  in	
  English	
  v/f	
  plurals	
  –	
  can	
  we	
  think	
  of	
  the	
  pa`ern?	
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E.g.  Tagalog  (Zuraw  2009)
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Data  from  Zuraw  (2009)
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Accoun)ng  for  varia)on  using  rules


•  TradiDonally	
  rules	
  that	
  were	
  variable	
  were	
  just	
  marked	
  with	
  a	
  diacriDc	
  to	
  
say	
  they	
  were	
  op-onal	
  

	
  /θ/	
  →	
  [–conDnuant]	
  ,	
  op%onal	
  rule	
  
	
  
Labov	
  makes	
  a	
  model	
  of	
  the	
  whole	
  speech	
  community	
  

•  but	
  let’s	
  be	
  more	
  conservaDve	
  and	
  suppose	
  that	
  each	
  group	
  can	
  have	
  a	
  different	
  
grammar.	
  

	
  
Each	
  group’s	
  grammar	
  has	
  its	
  own	
  numbers	
  a	
  and	
  b	
  such	
  that:	
  

•  (th)-­‐index	
  =	
  a	
  +	
  b*Style	
  
•  where	
  Style	
  A=0,	
  B=1,	
  C=2,	
  D=3	
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Some  things  to  note


• Phonological	
  factors	
  and	
  stylisDc/social	
  ones	
  are	
  modeled	
  in	
  the	
  same	
  
model	
  

•  They	
  have	
  the	
  same	
  status	
  –	
  just	
  another	
  independent	
  predictor	
  

16	
  



How  is  varia)on  accounted  for  in  constraint-­‐
based  grammars?

• Brief	
  look	
  at	
  four	
  different	
  models:	
  

• ParDal-­‐ranking	
  (Today)	
  
• StochasDc	
  OT	
  (Today)	
  
• Noisy	
  Harmonic	
  Grammar	
  (Friday)	
  
• MaxEnt	
  Harmonic	
  Grammar	
  (Friday)	
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Constraint  rankings


• Recall	
  that	
  cross-­‐linguisDc	
  variaDon	
  is	
  captured	
  by	
  different	
  rankings	
  
of	
  constraints.	
  	
  

• By	
  the	
  same	
  token,	
  within	
  language	
  variaDon	
  should	
  fall	
  out	
  from	
  this	
  
very	
  same	
  property!	
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Par)al-­‐ranking  in  OT  (AnRla,  1997)


• Key	
  idea:	
  Some	
  constraints	
  do	
  have	
  fixed	
  rankings,	
  but	
  some	
  don’t	
  
and	
  are	
  crucially	
  unranked	
  with	
  respect	
  to	
  one	
  another	
  

•  Each	
  Dme	
  a	
  speaker	
  wants	
  to	
  produce	
  a	
  form,	
  the	
  unranked	
  
constraints	
  need	
  to	
  be	
  put	
  into	
  a	
  ranking.	
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Illustra)on  of  par)al-­‐ranking


/θɪk/ Max-C Ident(place) *θ Ident(cont) *Dental 

F a [θɪk] * * 

F b [t̪ɪk] * * 

c [ɪk] *! 

d [sɪk] *! 

20	
  



Lineariza)on

•  In	
  order	
  to	
  generate	
  a	
  form,	
  the	
  constraints	
  have	
  to	
  be	
  put	
  into	
  a	
  linear	
  order	
  
•  Each	
  	
  linear	
  order	
  consistent	
  with	
  the	
  grammar’s	
  parDal	
  order	
  is	
  equally	
  probable	
  
	
  
grammar 	
   	
  lineariza%on	
  1	
  (50%) 	
  lineariza%on	
  2	
  (50%)	
  

Max-­‐C 	
   	
   	
  Max-­‐C 	
   	
   	
  Max-­‐C	
  

	
   	
   	
   	
  Ident(place) 	
   	
  Ident(place)	
  
Id(place)	
   	
   	
  *θ 	
   	
   	
  Ident(cont)	
  

	
   	
   	
   	
  Ident(cont) 	
   	
  *θ	
  
*θ 	
  	
  Id(cont)	
   	
  *Dental 	
   	
   	
  *Dental	
  

	
  

	
  	
  	
  	
  *Dental 	
   	
  F	
  [t̪ɪk] 	
   	
   	
  F	
  [θɪk]	
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Some  proper)es  of  this  theory


• Unfortunately:	
  No	
  straigh�orward	
  learning	
  algorithm	
  

• Makes	
  strong	
  predicDons	
  about	
  variaDon	
  numbers:	
  
•  If	
  there	
  are	
  2	
  constraints	
  that	
  are	
  parDally-­‐ranked,	
  what	
  are	
  the	
  possible	
  
Antlan	
  grammars?	
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Finnish  example  (AnRla  1997)

•  The	
  geniDve	
  suffix	
  has	
  two	
  forms	
  

•  “strong”:	
  -­‐iden/-­‐iten	
  (with	
  addiDonal	
  changes)	
  
•  “weak”:	
  -­‐(j)en 	
   	
   	
  (data	
  from	
  p.	
  3)	
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Factors  affec)ng  varia)on
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Factors  affec)ng  varia)on


•  Antla	
  shows	
  that	
  choice	
  is	
  governed	
  by...	
  
•  avoiding	
  sequence	
  of	
  heavy	
  or	
  light	
  syllables	
  (*HH,	
  *LL)	
  
•  avoiding	
  high	
  vowels	
  in	
  heavy	
  syllables	
  (*H/I)	
  or	
  low	
  vowels	
  in	
  light	
  

syllables	
  (*L/A)	
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AnRla’s  grammar  (p.  21)


We	
  won’t	
  go	
  through	
  the	
  enDre	
  analysis	
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Sample  of  the  results  (p.  23)
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Local  summary:  Par)al-­‐ranking


• Re-­‐ranking	
  of	
  constraints	
  –	
  gives	
  us	
  different	
  CROSS-­‐linguisDc	
  
possibiliDes	
  

• But	
  the	
  same	
  principle	
  can	
  allow	
  us	
  to	
  account	
  for	
  WITHIN-­‐language	
  
grammaDcal	
  variaDon!	
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Stochas)c  OT


• A	
  less-­‐restricDve	
  model	
  of	
  variaDon	
  than	
  parDal-­‐ranking	
  

•  ‘StochasDc’	
  –	
  loosely	
  ‘probabilisDc’	
  

• But	
  first	
  –	
  a	
  quick	
  word	
  on	
  probability	
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What  is  a  probability  distribu)on


•  It’s	
  a	
  funcDon	
  from	
  possible	
  outcomes	
  (of	
  some	
  random	
  variable)	
  
to	
  probabiliDes.	
  

•  A	
  simple	
  example:	
  flipping	
  a	
  fair	
  double-­‐sided	
  coin	
  

which side lands up probabiliy 
heads 0.5 
tails 0.5 

There	
  are	
  only	
  two	
  possible	
  outcomes!	
  So	
  you	
  expect	
  
each	
  case	
  to	
  be	
  equally	
  probable	
  (all	
  else	
  being	
  equal)	
  



Rolling  2  dice

sum of 2 dice probability 
2 (1+1) 1/36 
3 (1+2, 2+1) 2/36 
4 (1+3, 2+2, 3+1) 3/36 
5 (1+4, 2+3, 3+2, 4+1) 4/36 
6 (1+5, 2+4, 3+3, 4+2, 5+1) 5/36 
7 (1+6, 2+5, 3+4, 4+3, 5+2, 6+1) 6/36 
8 (2+6, 3+5, 4+4, 5+3, 6+2) 5/36 
9 (3+6, 4+5, 5+4, 6+3) 4/36 
10 (4+6, 5+5, 6+4) 3/36 
11 (5+6, 6+5) 2/36 
12 (6+6) 1/36 



Probability  distribu)ons  over  grammars


•  One	
  way	
  to	
  think	
  about	
  within-­‐speaker	
  variaDon	
  is	
  that,	
  at	
  each	
  
moment,	
  the	
  speaker	
  has	
  mulDple	
  grammars	
  to	
  choose	
  between.	
  
•  So	
  at	
  each	
  Dme,	
  there’s	
  a	
  probability	
  of	
  picking	
  one	
  possible	
  grammar	
  
•  But	
  –	
  generally	
  in	
  models	
  that	
  account	
  for	
  variaDon,	
  the	
  probability	
  

distribuDons	
  are	
  constrained	
  somehow	
  
•  (Not	
  completely	
  unconstrained	
  variaDon)	
  

•  So	
  it	
  is	
  similar	
  to	
  Antla’s	
  model	
  –	
  but	
  it	
  differs	
  in	
  the	
  possible	
  
outcomes	
  –	
  it	
  is	
  less	
  restricDve	
  than	
  Antla’s	
  model	
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AnRlan  par)al  ranking  as  a  probability  distribu)on  over  Classic  
OT  grammars


	
  	
  	
  	
  Id(place)	
  
	
  
*θ	
  	
  	
  	
  	
  	
  Id(cont)	
  
means	
  
•  Id(place)	
  >>	
  *θ	
  >>	
  Id(cont):	
  50%	
  
•  Id(place)	
  >>	
  Id(cont)	
  >>	
  *θ:	
  50%	
  
•  *θ>>	
  Id(place)	
  >>	
  Id(cont):	
  	
  	
  	
  0%	
  
•  *θ>>	
  Id(cont)	
  >>	
  Id(place):	
  	
  	
  	
  0%	
  
•  Id(cont)	
  >>	
  *θ>>	
  Id(place):	
  	
  	
  	
  0%	
  
•  Id(cont)	
  >>	
  Id(place)	
  >>	
  *θ:	
  	
  	
  0%	
  

You	
  could	
  also	
  imagine	
  a	
  scenario	
  where	
  each	
  of	
  
these	
  constraint	
  rankings	
  gets	
  some	
  %.	
  But	
  no	
  one	
  
has	
  actually	
  proposed	
  a	
  model	
  like	
  that!	
  



Stochas)c  OT  (Boersma  &  Hayes,  2001)


•  SDll	
  within	
  the	
  realm	
  of	
  ‘strict’-­‐ranking	
  

•  Instead	
  of	
  discrete	
  rankings,	
  constraints	
  are	
  on	
  a	
  linear	
  scale	
  of	
  
strictness	
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Stochas)c  OT  (Boersma  &  Hayes,  2001)


• Constraints	
  are	
  associated	
  with	
  a	
  range	
  of	
  values	
  instead	
  of	
  a	
  fixed	
  
value	
  

• When	
  a	
  speaker	
  has	
  to	
  produce	
  a	
  form	
  (i.e.	
  at	
  evalua-on	
  -me),	
  the	
  
posiDon	
  of	
  constraints	
  are	
  perturbed	
  by	
  a	
  random	
  posiDve/negaDve	
  
value	
  of	
  noise	
  (within	
  the	
  range	
  of	
  possible	
  values)	
  

	
  
• Choose	
  one	
  point	
  from	
  each	
  constraint’s	
  range,	
  then	
  use	
  a	
  total	
  
ranking	
  according	
  to	
  those	
  points.	
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Stochas)c  OT  (Boersma  &  Hayes,  2001)


• When	
  a	
  speaker	
  has	
  to	
  produce	
  a	
  form	
  (i.e.	
  at	
  evalua-on	
  -me),	
  the	
  
posiDon	
  of	
  constraints	
  are	
  perturbed	
  by	
  a	
  random	
  posiDve/negaDve	
  
value	
  of	
  noise.	
  

• Constraints	
  are	
  associated	
  with	
  a	
  range	
  of	
  values	
  instead	
  of	
  a	
  fixed	
  
value	
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Stochas)c  OT  (Boersma  &  Hayes,  2001)


37	
  



•  [demo	
  in	
  Excel]	
  

•  (from	
  Kie	
  Zuraw)	
  



Example:  Hungarian  Vowel  Harmony  
(Hayes  &  Londe,  2006)

• DaDve	
  suffix	
  [nɛk]~[nɔk]	
  
• Basic	
  pa`ern:	
  allomorph	
  selecDon	
  is	
  based	
  on	
  final	
  vowel	
  in	
  stem.	
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Variability  with  vowel  harmony


• Hayes	
  &	
  Londe	
  focus	
  on	
  parDcular	
  stem-­‐type:	
  cases	
  where	
  a	
  stem-­‐
final	
  neutral	
  vowel	
  is	
  preceded	
  by	
  back-­‐vowels	
  

•  These	
  can	
  either	
  take	
  the	
  back	
  or	
  front	
  suffixes,	
  some	
  also	
  vacillate	
  
between	
  both	
  opDons.	
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Sta)s)cal  generaliza)ons


• Height	
  effect:	
  the	
  lower	
  the	
  vowel,	
  the	
  more	
  likely	
  the	
  back	
  suffix	
  is	
  
selected.	
  E.g.	
  %back	
  is	
  low	
  with	
  [ɛ]	
  but	
  highest	
  with	
  [i]	
  

• Count	
  effect:	
  BN	
  stems	
  take	
  back	
  suffixes	
  more	
  than	
  BNN	
  stems	
  (i.e.	
  
the	
  further	
  away	
  the	
  trigger	
  for	
  harmony	
  is	
  (B),	
  the	
  less	
  likely	
  you	
  get	
  
harmony	
  occurring	
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Sta)s)cal  generaliza)ons
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Na)ve  speaker  confirma)on
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Final  grammar  
(without  going  through  the  full  analysis)


• Using	
  StochasDc	
  OT:	
  able	
  to	
  
generate	
  a	
  grammar	
  that	
  
generates	
  outputs	
  in	
  
proporDons	
  similar	
  to	
  those	
  
produced	
  by	
  naDve	
  speakers!	
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A  few  things  to  note


• Good	
  example	
  of	
  triangulaDon:	
  Hayes	
  &	
  Londe	
  use	
  data	
  from:	
  
•  Google	
  search	
  –	
  lexical	
  search	
  
•  Confirmed	
  with	
  Wug	
  test	
  (test	
  of	
  producDvity)	
  
•  Tested	
  model	
  against	
  data	
  from	
  Wug	
  test	
  

• Here,	
  the	
  model	
  more-­‐or-­‐less	
  replicates	
  the	
  behaviour	
  of	
  people!	
  	
  

•  There’s	
  a	
  learning	
  algorithm	
  for	
  this	
  –	
  Gradual	
  Learning	
  Algorithm	
  
(Boersma,	
  1997)	
  (though	
  doesn’t	
  reliably	
  converge	
  –	
  see	
  Pater	
  2008)	
  



How  is  varia)on  accounted  for  in  constraint-­‐
based  grammars?

• Brief	
  look	
  at	
  four	
  different	
  models:	
  

• ParDal-­‐ranking	
  
• StochasDc	
  OT	
  
• Noisy	
  Harmonic	
  Grammar	
  
• MaxEnt	
  Harmonic	
  Grammar	
  

Use	
  strict-­‐ranking	
  of	
  
constraints	
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Summary


• Phonological	
  variaDon	
  as	
  something	
  the	
  grammar	
  needs	
  to	
  account	
  
for	
  

• Constraint	
  re-­‐ranking	
  can	
  also	
  give	
  us	
  within-­‐language	
  variaDon	
  
•  Two	
  ways:	
  

•  ParDal-­‐ranking	
  
•  ProbabilisDc	
  ranking	
  (StochasDc	
  OT)	
  

•  Tomorrow:	
  Weighted	
  (vs.	
  ranked)	
  constraints	
  
•  Noisy	
  Harmonic	
  Grammar	
  
•  MaxEnt	
  Harmonic	
  Grammar	
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