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“In	
  1953	
  Floyd	
  Lounsbury	
  tried	
  to	
  tell	
  us	
  what	
  we	
  were	
  doing	
  with	
  
our	
  clever	
  morphophonemic	
  techniques.	
  We	
  were	
  providing	
  
alternaAons	
  by	
  devising	
  an	
  ‘aggluAnaAve	
  analog’	
  of	
  the	
  language	
  
and	
  formulaAng	
  rules	
  that	
  would	
  convert	
  expressions	
  in	
  that	
  analog	
  
into	
  the	
  shapes	
  in	
  which	
  they	
  are	
  actually	
  uFered.	
  Of	
  course,	
  even	
  
such	
  an	
  aggluAnaAve	
  analog	
  ,	
  with	
  its	
  accompanying	
  conversion	
  
rules,	
  could	
  be	
  interpreted	
  merely	
  as	
  a	
  descripAve	
  device.	
  But	
  it	
  was	
  
not	
  in	
  general	
  taken	
  that	
  way;	
  instead,	
  it	
  was	
  taken	
  as	
  a	
  direct	
  
reflecAon	
  of	
  reality.	
  We	
  seemed	
  to	
  be	
  convinced	
  that,	
  whatever	
  
might	
  superficially	
  appear	
  to	
  be	
  the	
  case,	
  every	
  language	
  is	
  ‘really’	
  
aggluAnaAve.”	
  	
  (HockeF	
  1987:84)
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General	
  overview

Basic	
  Ques*on:	
  	
  Does	
  agglu*na*on,	
  and	
  the	
  morpheme-­‐based	
  
assump*ons	
  it	
  presupposes,	
  have	
  any	
  privileged	
  status	
  in	
  
explaining	
  morphology?

1.	
  	
  Compe*ng	
  approaches	
  to	
  Morphology:	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Morphemic	
  versus	
  Word	
  and	
  Paradigm	
  Models

2.	
  	
  Recent	
  results	
  from	
  Word	
  and	
  Paradigm	
  Implica*ve	
  Models:

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Paradigm	
  Cell	
  Filling	
  Problem	
  and	
  Low	
  Entropy

3.	
  	
  Reflec*ons	
  on	
  achieving	
  these	
  results:	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Objects	
  of	
  analogy	
  w/o	
  internal	
  structure

4.	
  	
  Opera*onalizing	
  analogy	
  for	
  objects	
  w/	
  internal	
  structure

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Many	
  ways	
  for	
  word	
  structure	
  to	
  yield	
  low	
  entropy
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Morphology:	
  	
  Morphemic	
  approach

Morphology:	
  	
  “Morphology	
  is	
  at	
  the	
  conceptual	
  centre	
  of	
  
linguis*cs.	
  	
  This	
  is	
  not	
  because	
  it	
  is	
  the	
  dominant	
  subdiscipline,	
  but	
  
because	
  morphology	
  is	
  the	
  study	
  of	
  word	
  structure,	
  and	
  words	
  are	
  
at	
  the	
  interface	
  between	
  phonology,	
  syntax,	
  and	
  
seman*cs.”	
  	
  (Spencer	
  &	
  Zwicky	
  1998:1)

Defini*on	
  1:	
  	
  “Morphology	
  is	
  the	
  study	
  of	
  the	
  combina*on	
  of	
  
morphemes	
  to	
  yield	
  words”	
  	
  (Haspelmath	
  &	
  Sims	
  2010:2)

Finnish:	
  	
  	
  	
  lase-­‐	
   i-­‐	
   ssa
	
   	
   |	
   |	
   |
	
  	
   	
  cup-­‐	
   PLURAL-­‐	
  INESSIVE
	
   ‘in	
  the	
  cups’

Morphology	
  as	
  the	
  “syntax	
  of	
  morphemes”	
  	
  (Blevins	
  2007;	
  Booij	
  
2010:1)
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Morphology:	
  	
  Morphemic	
  approach

Syntagma*c:	
  linear	
  (and	
  hierarchical)	
  coordina*on	
  of	
  bi-­‐unique	
  
form-­‐meaning	
  mappings,	
  i.e.	
  morphemes	
  elements.

Composi*onal:	
  derives	
  the	
  meaning	
  of	
  the	
  whole	
  word	
  from	
  the	
  
meanings	
  of	
  its	
  isolable	
  morphemic	
  subparts.	
  

Ver*cal:	
  deriva*onal,	
  posi*ng	
  an	
  underlying	
  or	
  surface	
  structure	
  
form	
  from	
  which	
  a	
  target	
  structure	
  can	
  be	
  asymmetrically	
  derived,	
  
i.e.,	
  accounts	
  for	
  all	
  (regular)	
  forms	
  exhibi*ng	
  the	
  same	
  
morphosyntac*c	
  proper*es.	
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Morphology:	
  	
  Morphemic	
  approach

Agglu*na*ve	
  Hypothesis:	
  All	
  complex	
  words	
  in	
  all	
  language	
  are	
  
structured	
  like	
  Finnish,	
  even	
  if	
  they	
  don’t	
  seem	
  so	
  on	
  the	
  surface

Consequences:

Language	
  par*cular	
  surface	
  variance	
  and	
  devia*on	
  from	
  
agglu*na*on	
  is	
  instruc*ve	
  about	
  underlying	
  invariance.

Words	
  and	
  paradigms	
  are	
  epiphenomena,	
  i.e.,	
  they	
  disappear	
  
when	
  we	
  discover	
  the	
  rules	
  responsible	
  for	
  piecing	
  words	
  together	
  
out	
  of	
  morphemes.	
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Recent	
  morphemic	
  approaches

 

“...words	
  don’t	
  exist,	
  they	
  are	
  
the	
  phlogiston	
  of	
  linguisAcs.	
  
Everyone	
  must	
  say	
  that	
  
sentences	
  are	
  built	
  out	
  of	
  
morphemes...	
  	
  We...	
  expect	
  a	
  
high	
  degree	
  of	
  isomorphism,	
  
of	
  the	
  type	
  expressed	
  by	
  
Baker’s	
  (1985)	
  Mirror	
  
generalizaAon;	
  although	
  
various	
  affixal	
  properAes	
  may	
  
lead	
  to	
  readjustment	
  rules	
  
that	
  end	
  up	
  masking	
  syntacAc	
  
structures;	
  ...	
  The	
  extent	
  of	
  
such	
  readjustment	
  rules	
  
enriches	
  the	
  morphological	
  
component	
  of	
  the	
  grammar,	
  and	
  makes	
  it	
  
difficult	
  to	
  order	
  vocabulary	
  inserAon	
  with	
  
respect	
  to	
  linearizaAon.”	
  (Boeckx,	
  Bare	
  Syntax	
  
2008:63-­‐64)

Astonishing	
  Hypothesis:	
  	
  
DeviaAons	
  from	
  expectaAon	
  
count	
  as	
  discoveries	
  that	
  
“enrich”	
  our	
  understanding	
  
of	
  the	
  morphology-­‐syntax	
  
interface.	
  	
  Presumably	
  the	
  
greater	
  the	
  departure	
  from	
  
expectaAons,	
  the	
  more	
  
profound	
  the	
  enrichment.	
  	
  
Couldn’t	
  the	
  need	
  for	
  such	
  
enrichment	
  count	
  as	
  
evidence	
  against	
  the	
  basic	
  
program?	
  	
  
Does	
  not	
  explain	
  the	
  actual	
  
rarity	
  of	
  systemaAc	
  and	
  

widespread	
  aggluAnaAon,	
  but	
  it’s
good	
  to	
  know	
  that	
  this	
  rarity	
  is	
  illuminaAng	
  for	
  
theory	
  construcAon.	
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Problems	
  with	
  the	
  agglu(na(ve	
  ideal

The	
  agglu*na*ve	
  ideal:	
  each	
  morpheme	
  expresses	
  one	
  meaning,	
  
each	
  meaning	
  is	
  expressed	
  by	
  a	
  single	
  morpheme	
  and	
  all	
  meanings	
  
are	
  in	
  a	
  complex	
  word	
  are	
  expressed	
  as	
  morphemes.

To	
  preserve	
  a	
  one-­‐to-­‐one	
  mapping	
  between	
  forms	
  and	
  meanings,	
  
morphology	
  oien	
  requires	
  covert	
  morphemes,	
  as	
  well	
  as	
  
(essen*ally	
  arbitrary	
  claims	
  about)	
  sequences	
  of	
  such	
  elements.

	
  

Finnish:	
   	
  lase-­‐	
   i-­‐	
   ssa	
   	
  lasi-­‐	
   ø-­‐	
   ø
	
  	
   	
   |	
   |	
   |	
   	
   |	
   |	
   |
	
  	
   cup-­‐	
  PLURAL-­‐	
  INESSIVE	
   	
  cup-­‐	
  SINGULAR-­‐	
  NOMINATIVE	
  	
  	
  
	
  	
   ‘in	
  the	
  cups‘	
  	
   	
   ‘the	
  cup’
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Problems	
  with	
  the	
  agglu(na(ve	
  ideal

“I	
  know	
  of	
  no	
  compensaAng	
  advantage	
  for	
  the	
  modern	
  descripAve	
  
reanalysis	
  of	
  tradiAonal	
  paradigmaAc	
  formulaAons	
  in	
  term	
  of	
  
morpheme	
  sequences.	
  	
  This	
  [=	
  morphemic	
  analysis	
  -­‐	
  FA/RM]	
  seems,	
  
therefore	
  to	
  be	
  an	
  ill-­‐advised	
  theoreAcal	
  innovaAon...	
  It	
  seems	
  that	
  in	
  
inflecAonal	
  systems,	
  the	
  paradigmaAc	
  analysis	
  has	
  many	
  advantages	
  and	
  
is	
  to	
  be	
  preferred	
  …	
  It	
  is	
  difficult	
  to	
  say	
  anything	
  more	
  definite,	
  since	
  
there	
  have	
  been	
  so	
  few	
  aFempts	
  to	
  give	
  precise	
  and	
  principled	
  
descripAon	
  of	
  inflecAonal	
  systems	
  in	
  a	
  way	
  that	
  would	
  have	
  some	
  
bearing	
  on	
  the	
  theoreAcal	
  issues	
  involved	
  here.”	
  (Chomsky	
  1965:174)
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On	
  reflec(on

But,	
  

(i) 46	
  years	
  have	
  passed

(ii) Many	
  paradigma*c	
  approaches	
  have	
  been	
  developed	
  –	
  in	
  fact,	
  
they	
  are	
  preferred	
  over	
  morpheme-­‐based	
  models	
  by	
  working	
  
morphologists	
  –	
  and	
  applied	
  with	
  rigor	
  and	
  precision	
  over	
  wide	
  
varie*es	
  of	
  phenomena	
  and	
  broad	
  arrays	
  of	
  languages,	
  

(iii) so,	
  it	
  no	
  longer	
  “difficult	
  to	
  say	
  anything	
  more	
  definite.”	
  

What	
  is	
  the	
  tradi*onal	
  alterna*ve?
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Morphology:	
  Word	
  and	
  Paradigm

Finnish:	
   	
   laseissa	
   	
   lasi
	
   	
   |	
   	
   |
	
   	
  cup.PLURAL.INESSIVE	
   	
  cup.SINGULAR.NOMINATIVE	
  
	
   ‘in	
  the	
  cups’	
  	
   ‘cup’

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Defini*on	
  2:	
  	
  “Morphology	
  is	
  the	
  study	
  of	
  the	
  systema*c	
  
covaria*on	
  in	
  the	
  form	
  and	
  meaning	
  of	
  words”	
  	
  (Haspelmath	
  &	
  
Sims	
  2010:2)

Morphology	
  is	
  concerned	
  with	
  both	
  the	
  internal	
  organiza*on	
  of	
  
words	
  (how	
  wordshapes	
  are	
  dis*nc*vely	
  associated	
  with	
  meaning)	
  
and	
  the	
  external	
  organiza*on	
  of	
  word	
  (how	
  related	
  words	
  
par*cipate	
  in	
  similar	
  panerns).
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Morphology:	
  Word	
  and	
  Paradigm

Paradigma*c:	
  iden*fies	
  (sets	
  of)	
  panerns	
  and	
  subpanerns	
  that	
  
whole	
  words	
  par*cipate	
  in.	
  

Configura*ve:	
  the	
  meaning	
  of	
  a	
  word	
  is	
  not	
  necessarily	
  a	
  
straighoorward	
  composi*on	
  of	
  individually	
  meaningful	
  parts;	
  	
  it	
  is	
  
the	
  total	
  arrangement	
  of	
  co-­‐occurring	
  elements	
  of	
  words	
  that	
  are	
  
conjointly	
  associated	
  with	
  meaning.

Horizontal:	
  rela*ons	
  among	
  networks	
  of	
  inflected	
  surface	
  forms	
  
(i.e.,	
  whole	
  words)	
  which	
  share	
  a	
  lexeme	
  as	
  well	
  as	
  the	
  schema*c	
  
panerns	
  of	
  implica*ons	
  abstracted	
  from	
  them.

[	
  see	
  Blevins	
  (2006)	
  for	
  a	
  more	
  comprehensive	
  introduc*on	
  to	
  W&P	
  
morphology	
  ]
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Old	
  intui(ons:	
  associa(ons	
  and	
  analogies

Propor*onal	
  analogies	
  for	
  words:

pain	
  	
  :	
  	
  painful	
  	
  ::	
  	
  disdain	
  	
  :	
  	
  ?

“A	
  unit	
  like	
  painful	
  decomposes	
  into	
  two	
  subunits	
  (pain-­‐ful),	
  but	
  
these	
  units	
  are	
  not	
  two	
  independent	
  parts	
  that	
  are	
  simply	
  lumped	
  
together	
  (pain	
  +	
  ful).	
  The	
  unit	
  is	
  a	
  product,	
  a	
  combina*on	
  of	
  two	
  
interdependent	
  elements	
  that	
  acquire	
  value	
  only	
  through	
  their	
  
reciprocal	
  ac*on	
  in	
  a	
  higher	
  unit	
  (pain	
  ×	
  ful).	
  The	
  suffix	
  is	
  non-­‐
existent	
  when	
  considered	
  independently;	
  what	
  gives	
  it	
  a	
  place	
  in	
  
the	
  language	
  is	
  series	
  of	
  common	
  terms	
  like	
  delight-­‐ful,	
  fright-­‐ful,	
  
etc….	
  The	
  whole	
  has	
  value	
  only	
  through	
  its	
  parts,	
  and	
  the	
  parts	
  
have	
  value	
  by	
  virtue	
  of	
  their	
  place	
  in	
  the	
  whole.”	
  (Saussure	
  
1966:128)	
  [see	
  Baayen	
  &	
  Hay	
  2005	
  for	
  similar	
  insights]
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Old	
  intui(ons:	
  associa(ons	
  and	
  analogies

“Thus	
  it	
  is	
  that	
  the	
  different	
  uses,	
  which	
  have	
  come	
  to	
  be	
  
associated	
  with	
  a	
  word	
  or	
  a	
  phrase,	
  associate	
  themselves	
  with	
  each	
  
other.	
  	
  Thus	
  to	
  the	
  different	
  cases	
  of	
  the	
  same	
  noun,	
  the	
  different	
  
tenses,	
  moods	
  and	
  persons	
  of	
  the	
  same	
  verb,	
  the	
  different	
  
deriva*ves	
  of	
  the	
  same	
  root,	
  associate	
  themselves,	
  thanks	
  to	
  the	
  
rela*onships	
  between	
  their	
  sounds	
  and	
  the	
  meaning;	
  ….further	
  
forms	
  of	
  different	
  words	
  with	
  similar	
  func*ons	
  –	
  e.g.,	
  all	
  plurals,	
  all	
  
geni*ves,	
  …all	
  masculines	
  which	
  form	
  their	
  plural	
  by	
  means	
  of	
  
umlaut	
  as	
  contrasted	
  with	
  those	
  that	
  form	
  it	
  otherwise…These	
  
associa=ons	
  may	
  one	
  and	
  all	
  arise	
  and	
  operate	
  without	
  
consciousness,	
  and	
  they	
  must	
  not	
  be	
  confounded	
  with	
  gramma=cal	
  
categories,	
  which	
  are	
  the	
  result	
  of	
  conscious	
  abstrac=on,	
  though	
  
they	
  not	
  infrequently	
  cover	
  the	
  same	
  ground.”	
  	
  (Paul	
  	
  1890:6	
  [in	
  
1970	
  trans.])
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Tradi(onal	
  assump(ons,	
  recent	
  results
	
  	
  

Central	
  role	
  of	
  (propor*onal)	
  analogy	
  in	
  iden*fying	
  the	
  panerns	
  of	
  
relatedness	
  among	
  words	
  and	
  how	
  this	
  facilitates	
  mastery	
  of	
  
morphological	
  systems	
  	
  	
  

Results	
  are	
  not	
  dependent	
  upon	
  morpheme-­‐based	
  assump*ons	
  of	
  
word	
  structure:	
  	
  a	
  morphemic	
  agglu*na*ve	
  strategy	
  has	
  no	
  a	
  priori	
  
advantage

“Paul’s	
  concept	
  of	
  analogy	
  and	
  of	
  analogical	
  proporAon	
  is	
  a	
  definite	
  
aFempt	
  at	
  providing	
  a	
  generalized	
  account	
  at	
  a	
  certain	
  level	
  of	
  detail	
  of	
  
how	
  language	
  producAon	
  occurs	
  and	
  of	
  how	
  the	
  speaker	
  and	
  hearer	
  can	
  
produce	
  and	
  analyze	
  an	
  infinite	
  number	
  of	
  forms	
  and	
  sentences	
  which	
  
they	
  have	
  not	
  heard	
  before.”	
  (Morpurgo	
  Davies	
  1998:259)

“It	
  is	
  worth	
  noAcing...that	
  the	
  proporAon	
  is	
  a	
  neutral	
  form	
  of	
  notaAon,	
  i.e.,	
  
it	
  may	
  be	
  interpreted	
  in	
  cogniAve	
  or	
  structural	
  terms	
  and	
  may	
  or	
  may	
  not	
  
be	
  reformulated	
  in	
  terms	
  of	
  morphological	
  or	
  morphophemic	
  rules.	
  At	
  the	
  
same	
  Ame	
  it	
  offered	
  an	
  algorithm	
  for	
  a	
  structurally	
  based	
  form	
  of	
  
segmentaAon	
  without	
  making	
  any	
  claims	
  about	
  the	
  status	
  of	
  the	
  segments	
  
in	
  quesAons.”	
  (Morpurgo	
  Davies	
  1998:258)
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Goals	
  of	
  the	
  presenta(on

1. 	
  When	
  analogy	
  is	
  appropriately	
  defined	
  and	
  opera*onalized,	
  a	
  
central	
  organizing	
  principle	
  of	
  morphological	
  organiza*on	
  is	
  
relevant	
  not	
  only	
  to	
  panerned	
  organiza*on	
  of	
  (complex)	
  words	
  
across	
  paradigms	
  but	
  to	
  the	
  syntagma*cs	
  of	
  words	
  within	
  single	
  
paradigms	
  

a. The	
  Low	
  Entropy	
  Conjecture	
  operates	
  in	
  paradigma*c	
  
rela*ons

b. The	
  Low	
  Entropy	
  Conjecture	
  operates	
  in	
  syntagma*c	
  rela*ons

c. A	
  single	
  measure	
  concerning	
  panerned	
  organiza*on	
  more	
  
broadly	
  characterizes	
  both	
  paradigma*cs	
  and	
  syntagma*cs.
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Goals	
  of	
  the	
  presenta(on

2. The	
  agglu*na*ve	
  strategy	
  has	
  no	
  analy*c	
  priority	
  (and	
  
morphemes	
  no	
  necessary	
  theore*cal	
  status).

a. The	
  agglu*na*ve	
  ideal,	
  when	
  it	
  (rarely)	
  occurs,	
  is	
  merely	
  a	
  
(common)	
  stage	
  of	
  diachronic	
  development	
  for	
  complex	
  
words.

b. The	
  explana*on	
  for	
  its	
  rarity	
  is	
  that	
  it	
  is	
  only	
  one	
  par*cularly	
  
simple	
  strategy	
  associated	
  with	
  low	
  entropy.

c. It	
  is	
  low	
  entropy	
  that	
  is	
  a	
  fundamental	
  property	
  of	
  
morphological	
  systems,	
  not	
  the	
  structural	
  arrangement	
  of	
  bi-­‐
unique	
  form-­‐meaning	
  mappings

d. 	
  Theories	
  based	
  on	
  the	
  agglu*na*ve	
  ideal	
  have	
  reified	
  an	
  
historically	
  con*ngent	
  state	
  of	
  language,	
  mistaking	
  it	
  for	
  an	
  
organizing	
  principle	
  of	
  morphology.
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The	
  rest	
  of	
  the	
  talk

1.	
  	
  The	
  Paradigm	
  Cell	
  Filling	
  Problem	
  and	
  Low	
  Entropy

2.	
  	
  The	
  Low	
  Entropy	
  Conjecture:	
  	
  Analogy	
  without	
  segmenta*on

3.	
  	
  Syntagma*cs:	
  	
  Analogy	
  with	
  segmenta*on

3.	
  	
  Concluding	
  remarks
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Paradigm	
  Cell	
  Filling	
  Problem

It	
  is	
  implausible	
  that	
  speakers	
  of	
  languages	
  with	
  complex	
  
morphology	
  and	
  mul*ple	
  inflec*on	
  classes	
  encounter	
  every	
  
inflected	
  form	
  of	
  every	
  word	
  (Paul	
  1890/1970;	
  Anula	
  1977;	
  Bybee	
  
1985;	
  Itkonen	
  2005)

Paradigm	
  Cell	
  Filling	
  Problem:	
  Given	
  exposure	
  to	
  a	
  novel	
  inflected	
  
word	
  form,	
  what	
  licenses	
  reliable	
  inferences	
  about	
  the	
  other	
  word	
  
forms	
  in	
  its	
  inflec*onal	
  family?	
  	
  (Paunonen	
  1976,	
  among	
  others)

Complex	
  paradigms	
  are	
  organized	
  in	
  a	
  way	
  to	
  make	
  the	
  PCFP	
  
tractable	
  (Ackerman,	
  et	
  al.	
  2009;	
  Stump	
  &	
  Finkel	
  2009;	
  Bonami	
  et	
  
al.	
  2010)

As	
  languages	
  depart	
  from	
  the	
  agglu*na*ve	
  ideal,	
  predic*ng	
  forms	
  
by	
  analogy	
  becomes	
  increasingly	
  important:	
  	
  Paradigms	
  are	
  
networks	
  of	
  	
  implica*ve	
  rela*ons	
  among	
  related	
  wordforms	
  and	
  
inflec*onal	
  classes	
  are	
  panerns	
  of	
  wordforms	
  displaying	
  dis*nc*ve	
  
implica*onal	
  rela*ons.	
  (Paul	
  1890/1970:101)

Friday, January 21, 2011



Paradigm	
  Cell	
  Filling	
  Problem

Finnish	
  par*al	
  nominal	
  paradigms	
  (following	
  classifica*on	
  in	
  Pihel	
  
&	
  Pikimäe	
  1999:758-­‐771)

To	
  deduce	
  the	
  Finnish	
  NOM.SG.	
  for	
  panD	
  ‘pants’,	
  it	
  is	
  enough	
  to	
  
encounter	
  the	
  PART.SG.	
  panDa	
  (on	
  analogy	
  with	
  lasi~lasia	
  ‘cup’),	
  
since	
  no	
  other	
  PART.SG.	
  ends	
  in	
  -­‐ia

The	
  PART.PL.	
  panFeja	
  restricts	
  class	
  membership	
  to	
  either	
  4	
  or	
  9,	
  
i.e.,	
  either	
  panD	
  or	
  panFe,	
  since	
  PART.PL.	
  -­‐eja	
  occurs	
  in	
  both

Encountering	
  the	
  INESS.PL.	
  panFeissa	
  restricts	
  class	
  membership	
  to	
  
4,	
  9,	
  or	
  78,	
  since	
  all	
  three	
  share	
  the	
  segments	
  -­‐eissa

Nom	
  Sg Gen	
  Sg 	
  Part	
  Sg	
   Part	
  Pl Iness	
  Pl	
  
ovi oven ovea ovia ovissa ‘door’	
  (8)	
  
kieli kielen kieltä kieliä kielissä ‘language’	
  (32)	
  
vesi veden veFä vesiä vesissä ‘water’	
  (10)
lasi lasin lasia laseja laseissa ‘glass’	
  (4)
nalle nallen nallea nalleja nalleissa ‘teddy’	
  (9)
kirje kirjeen kirjeFä kirjeitä kirjeissä ‘leFer’	
  (78)
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Measuring	
  implica(ve	
  rela(ons
With	
  others	
  (among	
  others:	
  Sims	
  2010;	
  Bonami	
  et	
  al.	
  2011)	
  we	
  
measure	
  implica*ve	
  rela*ons	
  in	
  terms	
  of	
  condi*onal	
  entropy	
  
within	
  Informa*on	
  Theory.	
  

Condi*onal	
  entropy	
  provides	
  a	
  measure	
  of	
  how	
  difficult	
  it	
  is	
  to	
  
reliably	
  guess	
  e.g.,	
  one	
  form	
  of	
  a	
  word	
  given	
  another:	
  	
  the	
  lower	
  
the	
  entropy,	
  the	
  easier	
  the	
  accessibility	
  to	
  the	
  (set	
  of)	
  licensed	
  
guess(es)
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Measuring	
  implica(ve	
  rela(ons
The	
  condi*onal	
  entropy	
  of	
  one	
  cell	
  given	
  another	
  is	
  a	
  measure	
  of	
  
inter-­‐predictability	
  of	
  individual	
  words	
  within	
  paradigms	
  (Moscoso	
  
del	
  Prado	
  Mar*n	
  et	
  al.	
  2004;	
  Ackerman,	
  Blevins,	
  and	
  Malouf	
  2009)

To	
  extend	
  this	
  to	
  the	
  whole	
  paradigm,	
  we	
  calculate	
  the	
  paradigm	
  
entropy:	
  the	
  average	
  condi*onal	
  entropy	
  in	
  predic*ng	
  an	
  unknown	
  
wordform	
  given	
  a	
  known	
  wordform	
  

Ackerman	
  et.	
  al.	
  2009	
  found	
  that	
  for	
  the	
  Finnish	
  par*al	
  paradigm,	
  
the	
  paradigm	
  entropy	
  is	
  0.663	
  bits.

Despite	
  the	
  kaleidoscopic	
  complexity	
  of	
  Finnish	
  nominal	
  inflec*on	
  
there	
  are	
  many	
  reliable	
  cues	
  to	
  predict	
  which	
  panern	
  a	
  novel	
  word	
  
belongs	
  to.	
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Extending	
  language	
  par(cular	
  results
Guiding	
  intui*on	
  (Malouf	
  &	
  Ackerman	
  2010):	
  morphological	
  
systems	
  must	
  be	
  simple	
  in	
  ways	
  that	
  allow	
  them	
  to	
  be	
  learned	
  and	
  
used	
  by	
  na*ve	
  speakers,	
  irrespec*ve	
  of	
  how	
  profusely	
  complicated	
  
words	
  and	
  paradigms	
  may	
  appear	
  according	
  to	
  external	
  measures.

External	
  complexity	
  (E-­‐complexity)	
  of	
  a	
  morphological	
  system:	
  the	
  
surface	
  exponence	
  for	
  words	
  in	
  all	
  of	
  their	
  variety,	
  i.e.	
  the	
  number	
  
and	
  types	
  of	
  morphosyntac*c	
  categories	
  and	
  the	
  strategies	
  for	
  
encoding	
  them.	
  	
  	
  (e.g.,	
  Finnish	
  has	
  15	
  cases	
  and	
  two	
  numbers;	
  
Tundra	
  Nenets	
  has	
  7	
  cases	
  and	
  three	
  numbers)	
  	
  -­‐	
  some	
  Ls	
  may	
  be	
  
agglu*na*ve,	
  some	
  may	
  not.	
  	
  	
  	
  

The	
  Finnish	
  morphological	
  system	
  permits	
  accurate	
  guesses	
  about	
  
unknown	
  forms	
  of	
  lexemes	
  based	
  on	
  only	
  a	
  few	
  known	
  forms.

This	
  is	
  the	
  Internal	
  Simplicity	
  or	
  I-­‐simplicity	
  of	
  a	
  system	
  

Friday, January 21, 2011



Our	
  hypothesis:	
  I-­‐simplicity

General	
  ques*on:	
  	
  What	
  makes	
  a	
  language	
  difficult	
  to	
  learn	
  and	
  use	
  
(not	
  to	
  describe)?

The	
  issue	
  is	
  not	
  simplicity	
  or	
  complexity	
  per	
  se	
  (E-­‐complexity),	
  but	
  
the	
  nature	
  of	
  organiza*on	
  suppor*ng	
  that	
  complexity	
  (reflec*ve	
  of	
  
memory	
  storage	
  for	
  words,	
  panerns,	
  and	
  procedures	
  for	
  
generaliza*on):	
  Explana*on	
  is	
  in	
  terms	
  of	
  I-­‐simplicity.

I-­‐simplicity	
  is	
  measurable	
  and	
  quan*fiable

Principle	
  of	
  Low	
  Paradigm	
  Entropy:	
  Paradigms	
  tend	
  to	
  have	
  low	
  
expected	
  condi*onal	
  entropy
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Paradigm	
  entropy:	
  	
  Beyond	
  Finnish

Paradigms	
  vary	
  tremendously	
  in	
  their	
  E-­‐complexity	
  (Malouf	
  &	
  
Ackerman	
  2010)

Mazatec	
  has	
  morphosyntac*c	
  property	
  combina*ons	
  that	
  define	
  6	
  
dis*nct	
  cells;	
  there	
  are	
  356	
  different	
  forms	
  distributed	
  across	
  109
different	
  classes.

	
  

The	
  paradigm	
  entropy	
  is	
  quite	
  low	
  in	
  all	
  these	
  languages.

Language Cells Realiza(ons Declensions
Paradigm	
  
entropy

Arapesh 2 41 26 0.630

Burmeso 12 24 2 0.000

Fur 12 80 19 0.517

Greek 8 12 8 0.644

Kwerba 12 26 4 0.428

Mazatec 6 356 109 0.709

NgiA 16 68 10 0.484

Nuer 6 12 16 0.793

Russian 12 26 4 0.538
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Pausing	
  to	
  reflect

An	
  evident	
  advantage:	
  	
  the	
  internal	
  structure	
  of	
  words	
  seems	
  
irrelevant	
  to	
  the	
  presence	
  of	
  low	
  entropy,	
  since	
  many	
  of	
  these	
  
languages	
  depart	
  drama*cally	
  from	
  the	
  agglu*na*ve	
  ideal.	
  	
  	
  

Independence	
  of	
  syntagma*cs	
  and	
  paradigma*cs	
  is	
  a	
  property	
  
previously	
  observed	
  to	
  obtain	
  in	
  WP	
  models	
  (Itkonen	
  2005)

However,	
  Ackerman,	
  et	
  al.	
  solved	
  the	
  PFCP	
  by	
  keying	
  analogy	
  to	
  
inflec*on	
  class	
  membership:	
  which	
  inflec*on	
  classes	
  are	
  consistent	
  
with	
  the	
  known	
  wordforms	
  of	
  a	
  lexeme	
  (cf.	
  Finnish	
  panD)?
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Pausing	
  to	
  reflect

Nom	
  Sg Gen	
  Sg 	
  Part	
  Sg	
   Part	
  Pl Iness	
  Pl	
  

lasi lasin ? laseja laseissa ‘glass’

panD ? panDa panteja ? ‘pants'

Nom	
  Sg Gen	
  Sg 	
  Part	
  Sg	
   Part	
  Pl Iness	
  Pl	
  

lasi lasin lasia laseja laseissa ‘glass’

panD pan=n panDa panteja pan>eissa ‘pants'
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Pausing	
  to	
  reflect

Two	
  possible	
  problems	
  for	
  this	
  conclusion:

1)	
  Crucially	
  assumes	
  inflec*on	
  classes	
  as	
  theore*cal	
  primi*ves:	
  
the	
  task	
  was	
  to	
  iden*fy	
  the	
  most	
  likely	
  class	
  assignment	
  for	
  a	
  
lexeme,	
  and	
  use	
  this	
  to	
  guess	
  new	
  wordforms,	
  i.e.,	
  guessing	
  the	
  
right	
  class	
  implicates	
  selec*on	
  of	
  likely	
  new	
  form.	
  	
  	
  

2)	
  The	
  method	
  of	
  analogy	
  used	
  ignored	
  internal	
  shape	
  of	
  the	
  
words	
  that	
  entered	
  into	
  analogical	
  rela*ons,	
  since	
  the	
  words	
  
were	
  coded	
  as	
  dis*nc*ve	
  atomic	
  units.	
  

Friday, January 21, 2011



New	
  challenge

Low	
  entropy	
  results	
  are	
  independent	
  of	
  	
  the	
  specific	
  type	
  of	
  
structure	
  imputed	
  to	
  words;	
  as	
  long	
  as	
  contrasts	
  are	
  iden*fiable	
  the	
  
computa*on	
  can	
  proceed.

For	
  any	
  par*cular	
  language,	
  though,	
  the	
  paradigm	
  entropy	
  does	
  
depend	
  on	
  the	
  choice	
  of	
  representa*on

Furthermore,	
  Malouf	
  &	
  Ackerman’s	
  (2010)	
  hypothesis	
  is	
  that	
  
languages	
  develop	
  low	
  entropy	
  paradigms	
  over	
  genera*ons	
  as	
  a	
  
side	
  effect	
  of	
  the	
  way	
  class-­‐based	
  analogy	
  works

Can	
  we	
  s*ll	
  explain	
  the	
  low	
  entropy	
  effects	
  if	
  we	
  opera*onalize	
  
analogy	
  in	
  a	
  way	
  which	
  keys	
  into	
  the	
  form	
  of	
  words?	
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Solving	
  analogies:	
  alterna(ve	
  strategy	
  

Propor*onal	
  analogies	
  among	
  wordforms	
  (Yvon,	
  et	
  al.	
  2004;	
  
Stroppa	
  &	
  Yvon	
  2005;	
  Langlais	
  &	
  Yvon	
  2008;	
  Langlais,	
  et	
  al.	
  2009)	
  

x	
  :	
  y	
  ::	
  z	
  :	
  t

The	
  shuffle	
  u	
  •	
  v	
  of	
  two	
  words	
  u	
  and	
  v	
  contains	
  all	
  the	
  words	
  w	
  
which	
  can	
  be	
  composed	
  using	
  all	
  the	
  symbols	
  in	
  u	
  and	
  v,	
  subject	
  to	
  
the	
  condi*on	
  that	
  if	
  a	
  precedes	
  b	
  in	
  u	
  or	
  v,	
  then	
  it	
  precedes	
  b	
  in	
  w	
  

If	
  u	
  =	
  abc	
  and	
  v	
  =	
  def,	
  the	
  words	
  abcdef,	
  abdefc,	
  adbecf	
  are	
  in	
  u	
  •	
  v,	
  
but	
  abefcd	
  is	
  not
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Solving	
  analogies

If	
  v	
  is	
  a	
  subword	
  of	
  w,	
  the	
  complementary	
  set	
  of	
  v	
  with	
  respect	
  to	
  
w	
  (denoted	
  by	
  w	
  \	
  v)	
  is	
  the	
  set	
  of	
  subwords	
  of	
  w	
  obtained	
  by	
  
removing	
  from	
  w,	
  in	
  a	
  lei-­‐to-­‐right	
  fashion,	
  the	
  symbols	
  in	
  v.	
  When	
  
v	
  is	
  not	
  a	
  subword	
  of	
  w,	
  w	
  \	
  v	
  is	
  empty.

For	
  example,	
  eea	
  is	
  a	
  complementary	
  subword	
  of	
  xmplr	
  with	
  
respect	
  to	
  exemplar

Shuffle	
  and	
  complementary	
  set	
  are	
  inverses:

w	
  ∈	
  u	
  •	
  v	
  ⇔	
  u	
  ∈	
  w	
  \	
  v
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Solving	
  analogies

An	
  analogical	
  propor(on	
  

x	
  :	
  y	
  ::	
  z	
  :	
  t	
  

holds	
  if	
  symbols	
  in	
  x	
  and	
  t	
  are	
  also	
  found	
  in	
  y	
  and	
  z,	
  and	
  appear	
  in	
  
the	
  same	
  rela*ve	
  order

That	
  is:

∀x,	
  y,	
  z,	
  t	
  ∈	
  Σ⋆,	
  x	
  :	
  y	
  ::	
  z	
  :	
  t	
  ⇔	
  x	
  •	
  t	
  ∩	
  y	
  •	
  z	
  ≠	
  ∅	
  

A	
  corollary:

t	
  is	
  a	
  solu*on	
  of	
  x	
  :	
  y	
  ::	
  z	
  :	
  ?	
  ⇔	
  t	
  ∈	
  {y	
  •	
  z}	
  \	
  x
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Solving	
  analogies

An	
  analogical	
  propor(on	
  x	
  :	
  y	
  ::	
  z	
  :	
  t	
  holds	
  if	
  symbols	
  in	
  x	
  and	
  t	
  are	
  
also	
  found	
  in	
  y	
  and	
  z,	
  and	
  appear	
  in	
  the	
  same	
  rela*ve	
  order

∀x,	
  y,	
  z,	
  t	
  ∈	
  Σ⋆,	
  x	
  :	
  y	
  ::	
  z	
  :	
  t	
  ⇔	
  x	
  •	
  t	
  ∩	
  y	
  •	
  z	
  =	
  ∅	
  

t	
  is	
  a	
  solu*on	
  of	
  x	
  :	
  y	
  ::	
  z	
  :	
  ?	
  ⇔	
  t	
  ∈	
  {y	
  •	
  z}	
  \	
  x

seeing	
  :	
  unseeable	
  ::	
  watching	
  :	
  unwatchable	
  

u n s e e a b l e w t c h i n ga•Shuffle
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Solving	
  analogies

An	
  analogical	
  propor(on	
  x	
  :	
  y	
  ::	
  z	
  :	
  t	
  holds	
  if	
  symbols	
  in	
  x	
  and	
  t	
  are	
  
also	
  found	
  in	
  y	
  and	
  z,	
  and	
  appear	
  in	
  the	
  same	
  rela*ve	
  order

∀x,	
  y,	
  z,	
  t	
  ∈	
  Σ⋆,	
  x	
  :	
  y	
  ::	
  z	
  :	
  t	
  ⇔	
  x	
  •	
  t	
  ∩	
  y	
  •	
  z	
  =	
  ∅	
  

t	
  is	
  a	
  solu*on	
  of	
  x	
  :	
  y	
  ::	
  z	
  :	
  ?	
  ⇔	
  t	
  ∈	
  {y	
  •	
  z}	
  \	
  x

seeing	
  :	
  unseeable	
  ::	
  watching	
  :	
  unwatchable	
  

u n s e e a b l et c h i n gaShuffle w
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Solving	
  analogies

An	
  analogical	
  propor(on	
  x	
  :	
  y	
  ::	
  z	
  :	
  t	
  holds	
  if	
  symbols	
  in	
  x	
  and	
  t	
  are	
  
also	
  found	
  in	
  y	
  and	
  z,	
  and	
  appear	
  in	
  the	
  same	
  rela*ve	
  order

∀x,	
  y,	
  z,	
  t	
  ∈	
  Σ⋆,	
  x	
  :	
  y	
  ::	
  z	
  :	
  t	
  ⇔	
  x	
  •	
  t	
  ∩	
  y	
  •	
  z	
  =	
  ∅	
  

t	
  is	
  a	
  solu*on	
  of	
  x	
  :	
  y	
  ::	
  z	
  :	
  ?	
  ⇔	
  t	
  ∈	
  {y	
  •	
  z}	
  \	
  x

seeing	
  :	
  unseeable	
  ::	
  watching	
  :	
  unwatchable	
  

u n s e e a b l et c h i n gaComplement w
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Solving	
  analogies

An	
  analogical	
  propor(on	
  x	
  :	
  y	
  ::	
  z	
  :	
  t	
  holds	
  if	
  symbols	
  in	
  x	
  and	
  t	
  are	
  
also	
  found	
  in	
  y	
  and	
  z,	
  and	
  appear	
  in	
  the	
  same	
  rela*ve	
  order

∀x,	
  y,	
  z,	
  t	
  ∈	
  Σ⋆,	
  x	
  :	
  y	
  ::	
  z	
  :	
  t	
  ⇔	
  x	
  •	
  t	
  ∩	
  y	
  •	
  z	
  =	
  ∅	
  

t	
  is	
  a	
  solu*on	
  of	
  x	
  :	
  y	
  ::	
  z	
  :	
  ?	
  ⇔	
  t	
  ∈	
  {y	
  •	
  z}	
  \	
  x

seeing	
  :	
  unseeable	
  ::	
  watching	
  :	
  unwatchable	
  

u n s e ea b l et c h i n gaComplement w
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Solving	
  analogies

Many	
  paths,	
  many	
  solu*ons

	
   u	
  n	
  s	
  e	
  e	
  a	
  b	
  l	
  e	
  	
  •	
  	
  w	
  a	
  t	
  c	
  h	
  i	
  n	
  g
	
   u	
  n	
  w	
  s	
  e	
  a	
  e	
  t	
  c	
  h	
  a	
  i	
  b	
  n	
  g	
  l	
  e
	
   u	
  n	
  w	
  s	
  e	
  a	
  e	
  t	
  c	
  h	
  a	
  i	
  b	
  n	
  g	
  l	
  e	
  \	
  s	
  e	
  e	
  i	
  n	
  g
	
   u	
  n	
  w	
  a	
  t	
  c	
  h	
  a	
  b	
  l	
  e

	
   u	
  n	
  s	
  e	
  e	
  a	
  b	
  l	
  e	
  	
  •	
  	
  w	
  a	
  t	
  c	
  h	
  i	
  n	
  g
	
   u	
  n	
  w	
  a	
  t	
  c	
  h	
  s	
  e	
  e	
  a	
  i	
  b	
  n	
  g	
  l	
  e
	
   u	
  n	
  w	
  a	
  t	
  c	
  h	
  s	
  e	
  e	
  a	
  i	
  b	
  n	
  g	
  l	
  e	
  \	
  s	
  e	
  e	
  i	
  n	
  g
	
   u	
  n	
  w	
  a	
  t	
  c	
  h	
  a	
  b	
  l	
  e

	
   u	
  n	
  s	
  e	
  e	
  a	
  b	
  l	
  e	
  	
  •	
  	
  w	
  a	
  t	
  c	
  h	
  i	
  n	
  g
	
   u	
  n	
  s	
  e	
  e	
  a	
  b	
  l	
  e	
  w	
  a	
  t	
  c	
  h	
  i	
  n	
  g
	
   u	
  n	
  s	
  e	
  e	
  a	
  b	
  l	
  e	
  w	
  a	
  t	
  c	
  h	
  i	
  n	
  g	
  \	
  s	
  e	
  e	
  i	
  n	
  g
	
   u	
  n	
  e	
  a	
  b	
  l	
  w	
  a	
  t	
  c	
  h
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Analogical	
  inference

Linguis*c	
  knowledge	
  L	
  consists	
  of	
  a	
  set	
  of	
  morphosyntac*c	
  words	
  
and	
  their	
  realiza*ons

More	
  specifically,	
  L	
  =	
  {⟨i,o⟩	
  |	
  i	
  ∈	
  I,	
  o	
  ∈	
  O}	
  is	
  a	
  set	
  of	
  observa*ons,	
  
where	
  I	
  is	
  the	
  set	
  of	
  possible	
  inputs	
  (i.e.,	
  morphosyntac*c	
  words)	
  
and	
  O	
  is	
  the	
  set	
  of	
  possible	
  outputs	
  (i.e.,	
  realiza*ons).	
  If	
  u	
  =	
  ⟨i,o⟩,	
  
then	
  I(u)	
  =	
  i	
  and	
  O(u)	
  =	
  o

To	
  complete	
  a	
  par*al	
  observa*on	
  u	
  =	
  ⟨i,?⟩,	
  first	
  find	
  the	
  set	
  of	
  
triples	
  that	
  define	
  an	
  analogy	
  with	
  I(u)	
  

T(u)	
  =	
  {⟨x,y,z⟩	
  ∈	
  L3	
  |	
  I(x)	
  :	
  I(y)	
  ::	
  I(z)	
  :	
  I(u)	
  }

Then,	
  solve	
  the	
  corresponding	
  surface	
  analogies	
  

Ô(u)	
  =	
  {o	
  ∈	
  O	
  |	
  ∃⟨x,y,z⟩	
  ∈	
  T(u)	
  s.t.	
  O(x)	
  :	
  O(y)	
  ::	
  O(z)	
  :	
  o	
  }
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Analogical	
  inference

Applica*ons	
  to	
  unsupervised	
  morphological	
  learning	
  (Lepage	
  1998;	
  
Stroppa	
  &	
  Yvon	
  2005;	
  Lavallée	
  &	
  Langlais	
  2009)	
  and	
  transla*on	
  
(Langlais	
  &	
  Yvon	
  2008;	
  Langlais,	
  et	
  al.	
  2009)

Morphological	
  models	
  assume	
  the	
  usefulness	
  of	
  segmenta*on	
  into	
  
morphemes,	
  but	
  transla*on	
  models	
  don’t

	
   beeta-­‐agonis=t	
  	
  ↔	
  adrenergic	
  beta-­‐agonists

	
   beetasalpaajat	
  ↔	
  adrenergic	
  beta-­‐antagonists

	
   alfa-­‐agonis=t	
  ↔	
  adrenergic	
  alpha-­‐agonists

	
   alfasalpaajat	
  ↔	
  ?

We	
  propose	
  to	
  use	
  a	
  similar	
  analogical	
  inference	
  procedure	
  for	
  
solving	
  the	
  Paradigm	
  Cell	
  Filling	
  Problem
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Nom	
  Sg Gen	
  Sg Gen	
  Pl Iness	
  Sg	
   Iness	
  Pl	
  

ovi oven ovien ovessa ovissa ‘door’	
  

kieli kielen kielien kielessa kielissä ‘language’	
  

vesi veden vesien vedessa vesissä ‘water’	
  

lasi lasin lasien lasissa laseissa ‘glass’

nalle nallen nallein nallessa nalleissa ‘teddy’

kirje kirjeen kirjeiFen kirjeessa kirjeissä ‘lener’

pan= ? panDen panDssa panFeissa ‘pants’

NOM.SG.	
  ‘glass’ : GEN.SG.	
  ‘glass’ :: NOM.SG.	
  ‘pants’ : GEN.SG.	
  ‘pants’

lasi : lasin :: panD : panDn

paradigma*c	
  inference
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NOM.SG.	
  ‘door’ : GEN.SG.	
  ‘door’ :: NOM.SG.	
  ‘pants’ : GEN.SG.	
  ‘pants’

ovi : oven :: panD : panFen

Nom	
  Sg Gen	
  Sg Gen	
  Pl Iness	
  Sg	
   Iness	
  Pl	
  

ovi oven ovien ovessa ovissa ‘door’	
  

kieli kielen kielien kielessa kielissä ‘language’	
  

vesi veden vesien vedessa vesissä ‘water’	
  

lasi lasin lasien lasissa laseissa ‘glass’

nalle nallen nallein nallessa nalleissa ‘teddy’

kirje kirjeen kirjeiFen kirjeessa kirjeissä ‘lener’

pan= ? panDen panDssa panFeissa ‘pants’

paradigma*c	
  inference
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INESS.PL.	
  ‘water’ : GEN.SG.	
  ‘water’ :: INESS.PL.	
  ‘pants’ : GEN.SG.	
  ‘pants’

vesissä : veden :: panFeissa :

Nom	
  Sg Gen	
  Sg Gen	
  Pl Iness	
  Sg	
   Iness	
  Pl	
  

ovi oven ovien ovessa ovissa ‘door’	
  

kieli kielen kielien kielessa kielissä ‘language’	
  

vesi veden vesien vedessa vesissä ‘water’	
  

lasi lasin lasien lasissa laseissa ‘glass’

nalle nallen nallein nallessa nalleissa ‘teddy’

kirje kirjeen kirjeiFen kirjeessa kirjeissä ‘lener’

panD ? panDen panDssa pan>eissa ‘pants’

failed	
  inference
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INESS.PL.	
  ‘pants’ : INESS.SG.	
  ‘pants’ :: GEN.PL.	
  ‘pants’ : GEN.SG.	
  ‘pants’

panFeissa : panDssa :: panDen : panDn

Nom	
  Sg Gen	
  Sg Gen	
  Pl Iness	
  Sg	
   Iness	
  Pl	
  

ovi oven ovien ovessa ovissa ‘door’	
  

kieli kielen kielien kielessa kielissä ‘language’	
  

vesi veden vesien vedessa vesissä ‘water’	
  

lasi lasin lasien lasissa laseissa ‘glass’

nalle nallen nallein nallessa nalleissa ‘teddy’

kirje kirjeen kirjeiFen kirjeessa kirjeissä ‘lener’

panD ? pan=en pan=ssa pan>eissa ‘pants’

syntagma*c	
  inference
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Analogical	
  inference

Given	
  this	
  collec*on	
  of	
  known	
  forms,	
  there	
  are	
  35,904	
  possible	
  
propor*onal	
  analogies,	
  of	
  which	
  74	
  are	
  valid	
  

None 24
panDn 23
panFen 13
panFeen 4
panDen 4
epanFen 2
inpanF 2
npanD 1
enpanF 1
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Simula(on

“...we	
  can	
  gain	
  some	
  insight	
  into	
  the	
  forces	
  shaping	
  languages	
  by	
  
considering	
  them	
  as	
  products	
  of	
  a	
  historical	
  spiral	
  involving	
  both	
  
acquisi*on	
  and	
  produc*on,	
  learning	
  and	
  speaking,	
  and	
  occasionally	
  
innova*ng,	
  over	
  many	
  genera*ons”	
  (Hurford	
  2009:51)	
  

Linguis*c	
  ‘life	
  cycle’	
  (Bybee	
  2006,	
  Hurford	
  2009)

Learning	
  bonlenecks	
  in	
  linguis*c	
  evolu*on	
  (Hare	
  &	
  Elman	
  1995,	
  
Kirby	
  2001,	
  de	
  Boer	
  2001)

!"#$%&%'(%

)%*+"*#,'(%

!"#$%&%'(%
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Simula(on

Iterated	
  Learning	
  model	
  (Kirby	
  &	
  Hurford	
  2002)

We	
  start	
  with	
  a	
  maximally	
  complex	
  language:	
  given	
  f	
  
morphosyntac*c	
  features	
  with	
  v	
  possible	
  values	
  with	
  r	
  realiza*ons	
  
each,	
  there	
  are	
  	
  	
  	
  	
  	
  inflec*on	
  classes

On	
  each	
  itera*on:

Generate	
  a	
  par*al	
  random	
  sample	
  of	
  wordforms	
  from	
  the	
  
previous	
  two	
  itera*ons

Guess	
  the	
  realiza*on	
  of	
  unobserved	
  wordforms	
  by	
  analogy	
  from	
  
the	
  observed	
  wordforms	
  (occasionally,	
  a	
  new	
  form	
  is	
  
introduced)

Con*nue	
  for	
  20	
  itera*ons,	
  and	
  examine	
  the	
  system	
  that	
  has	
  
emerged

Friday, January 21, 2011



Class based Wordform based
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Class based Wordform based
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Simula(on

What	
  about	
  the	
  agglu*na*ve	
  ideal?

Some	
  of	
  the	
  classes	
  that	
  emerge	
  in	
  these	
  simulated	
  languages	
  are	
  
agglu*na*ve:

And	
  some	
  aren’t:

f2	
  =v1 f2	
  =v2

f1=v1 jckh jcyc

f1=v2 rzkh rzyc

f2	
  =v1 f2	
  =v2

f1=v1 mmmw gsom

f1=v2 immw jumw
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Simula(on	
  prospects

These	
  simula*ons	
  suggest	
  that	
  class-­‐based	
  inferences	
  aren’t	
  
necessary	
  for	
  developing	
  low	
  class-­‐based	
  paradigm	
  entropy

Future	
  direc*ons

Address	
  implementa*on	
  issues

Apply	
  to	
  real	
  languages

Pure	
  wordform-­‐based	
  entropy	
  measure?	
  

	
  

Friday, January 21, 2011



Concluding	
  remarks

Focus	
  on	
  agglu*na*ve	
  structures	
  does	
  nothing	
  to	
  explain	
  the	
  
results	
  concerning	
  the	
  organiza*on	
  of	
  morphological	
  systems	
  in	
  
terms	
  of	
  low	
  entropy.

But,	
  focus	
  on	
  entropy	
  measures	
  (either	
  using	
  an	
  analogical	
  model	
  
with	
  atomic	
  words	
  or	
  segmentable	
  words)	
  helps	
  discover	
  the	
  
pervasive	
  presence	
  of	
  low	
  entropy	
  in	
  paradigma*cs	
  and	
  
syntagma*cs	
  and	
  associated	
  consequences	
  for	
  solving	
  the	
  PCFP.	
  	
  	
  

Informa*on	
  theore*c	
  approaches	
  to	
  morphological	
  systems	
  also	
  
account	
  for	
  why	
  there	
  is	
  agglu*na*on	
  when	
  it	
  occurs:	
  	
  it	
  is	
  one	
  
simple	
  strategy	
  associated	
  with	
  low	
  condi*onal	
  entropy.	
  	
  

It’s	
  easy	
  to	
  learn,	
  but	
  other	
  systems	
  with	
  greater	
  E-­‐complexity	
  are	
  
also	
  easy	
  to	
  learn.
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Concluding	
  remarks

Chomsky	
  was	
  right:

This	
  [morphemic	
  analysis]	
  seems,	
  therefore	
  to	
  be	
  an	
  ill-­‐advised	
  
theore*cal	
  innova*on...	
  It	
  seems	
  that	
  in	
  inflec*onal	
  systems,	
  the	
  
paradigma*c	
  analysis	
  has	
  many	
  advantages	
  and	
  is	
  to	
  be	
  preferred	
  
…	
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Appendix:	
  Informa(on	
  Theory

Shannon’s	
  (1948)	
  Informa*on	
  Theory	
  gives	
  us	
  a	
  way	
  to	
  quan*fy	
  the	
  
uncertainty	
  in	
  a	
  random	
  variable

The	
  key	
  concept	
  is	
  informa(on	
  entropy

	
  

The	
  entropy	
  is	
  the	
  average	
  number	
  bits	
  required	
  to	
  store	
  the	
  value	
  
of	
  X

Also,	
  the	
  average	
  number	
  of	
  yes-­‐or-­‐no	
  ques*ons	
  you’d	
  have	
  to	
  ask	
  
to	
  guess	
  the	
  value	
  of	
  X

This	
  is	
  the	
  expected	
  value	
  of	
  the	
  surprisal	
  for	
  each	
  possible	
  value

( ) = −∑∈ ( ) ( )
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Paradigm	
  entropy

Nom	
  Sg Gen	
  Sg 	
  Part	
  Sg	
   Part	
  Pl Iness	
  Pl	
  

ovi oven ovea ovia ovissa ‘door’	
  

kieli kielen kieltä kieliä kielissä ‘language’	
  

vesi veden venä vesiä vesissä ‘water’	
  

lasi lasin lasia laseja laseissa ‘glass’

nalle nallen nallea nalleja nalleissa ‘teddy’

kirje kirjeen kirjenä kirjeitä kirjeissä ‘lener’
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Paradigm	
  entropy

Nom	
  Sg Gen	
  Sg 	
  Part	
  Sg	
   Part	
  Pl Iness	
  Pl	
  

ovi oven ovea ovia ovissa ‘door’	
  

kieli kielen kieltä kieliä kielissä ‘language’	
  

vesi veden venä vesiä vesissä ‘water’	
  

lasi lasin lasia laseja laseissa ‘glass’

nalle nallen nallea nalleja nalleissa ‘teddy’

kirje kirjeen kirjenä kirjeitä kirjeissä ‘lener’
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Entropy

Entropy	
  measures	
  the	
  uncertainty	
  in	
  choosing	
  a	
  realiza*on	
  for	
  a	
  
single	
  paradigm	
  cell

The	
  expected	
  entropy	
  is	
  the	
  average	
  entropy	
  across	
  all	
  paradigm	
  
cells:

The	
  expected	
  entropy	
  is	
  the	
  average	
  uncertainty	
  in	
  guessing	
  the	
  
realiza*on	
  for	
  a	
  single	
  cell	
  of	
  a	
  single	
  lexeme’s	
  paradigm

The	
  expected	
  entropy	
  for	
  the	
  Finnish	
  noun	
  paradigm	
  fragment	
  is	
  
1.5	
  bits,	
  equivalent	
  to	
  choosing	
  among	
  2.8	
  equally	
  likely	
  
declensions

The	
  declension	
  entropy,	
  the	
  uncertainty	
  in	
  guessing	
  the	
  declension	
  
of	
  a	
  lexeme,	
  is	
  log2	
  6=2.6	
  bits
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Condi(onal	
  entropy

Entropy	
  measures	
  the	
  difficulty	
  of	
  problem	
  that	
  speakers	
  never	
  
have	
  to	
  solve

The	
  condi(onal	
  entropy	
  is	
  the	
  uncertainty	
  in	
  one	
  random	
  variable	
  
on	
  average,	
  given	
  that	
  we	
  know	
  the	
  value	
  of	
  another	
  random	
  
variable

Informa*on	
  is	
  anything	
  that	
  reduces	
  entropy/uncertainty

We	
  can	
  now	
  apply	
  this	
  to	
  measure	
  the	
  degree	
  of	
  inter-­‐predic*on	
  in	
  
a	
  paradigm
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Condi(onal	
  entropy

Nom	
  Sg Gen	
  Sg 	
  Part	
  Sg	
   Part	
  Pl Iness	
  Pl	
  

ovi oven ovea ovia ovissa ‘door’	
  

kieli kielen kieltä kieliä kielissä ‘language’	
  

vesi veden venä vesiä vesissä ‘water’	
  

lasi lasin lasia laseja laseissa ‘glass’

nalle nallen nallea nalleja nalleissa ‘teddy’

kirje kirjeen kirjenä kirjeitä kirjeissä ‘lener’
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Condi(onal	
  entropy

Nom	
  Sg Gen	
  Sg 	
  Part	
  Sg	
   Part	
  Pl Iness	
  Pl	
  

ovi oven ovea ovia ovissa ‘door’	
  

kieli kielen kieltä kieliä kielissä ‘language’	
  

vesi veden venä vesiä vesissä ‘water’	
  

lasi lasin lasia laseja laseissa ‘glass’

nalle nallen nallea nalleja nalleissa ‘teddy’

kirje kirjeen kirjenä kirjeitä kirjeissä ‘lener’
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Condi(onal	
  entropy

Nom	
  Sg Gen	
  Sg 	
  Part	
  Sg	
   Part	
  Pl Iness	
  Pl	
  

ovi oven ovea ovia ovissa ‘door’	
  

kieli kielen kieltä kieliä kielissä ‘language’	
  

vesi veden venä vesiä vesissä ‘water’	
  

lasi lasin lasia laseja laseissa ‘glass’

nalle nallen nallea nalleja nalleissa ‘teddy’

kirje kirjeen kirjenä kirjeitä kirjeissä ‘lener’
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Paradigm	
  entropy

The	
  condi*onal	
  entropy	
  of	
  one	
  cell	
  given	
  another	
  is	
  a	
  measure	
  of	
  
inter-­‐predictability

To	
  extend	
  this	
  to	
  the	
  whole	
  paradigm,	
  we	
  calculate	
  the	
  expected	
  
condi*onal	
  entropy	
  or	
  paradigm	
  entropy	
  (Ackerman,	
  Blevins,	
  &	
  
Malouf	
  2009)

The	
  higher	
  the	
  paradigm	
  entropy,	
  the	
  more	
  difficult	
  it	
  is	
  to	
  predict	
  
an	
  unknown	
  wordform	
  given	
  a	
  known	
  wordform.

For	
  the	
  Finnish	
  fragment,	
  the	
  paradigm	
  entropy	
  is	
  0.663	
  bits	
  
(equivalent	
  to	
  1.6	
  declensions)

[ ( ∣ )] = ∑
, ∈

( , ) ( ∣ )
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